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Oceanographic  and  meteorological  parameters  necessary  lor  selection  ol  productive 
(X:ean  Pood  and  Pneigy  Parm  (OPPP)  sites  are  presented  and  compared  for  the  eastern 
Pacific  Ocean.  Optimum  values  for  biological,  chemical,  physical,  and  engineering  requirements 
are  estimated  for  both  farm  structures  and  the  giant  kelp  Macrocystis  pynfera,  the  proposed 
OPP.F  crop  plant.  Prom  these  data,  requirements,  and  limitations,  preliminary  site  selection 


criteria  are  established. 
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> Sflccfion  Liiiuluiaie  IMiasc  I Oi  l I-  attd  luuiro  tarni  sues  are  given  alter  'X  ^ 
lliiuoiin)i  review  ol  perlmeni  djia  and  hleraliire  ll  is  deierinmed  that  willuiljlje  it<ea 
studied,  tlie  soulliern  C'alitornia  oltshore  rcfjioii  Iroin  appmxiiiialcly 
IS  best  suited  lor  siting  preliminary  Ocean  I antis.  Detailed  maps  and  tables  ol  currents, 
ocean  teni|K’iatures.  winds,  niitiienl  concentrations  and  otliei  parameters  are  presented. 


SUMMARY 


OBJKn  iVl  S 

1 he  prineipal  olijeelives  ol  this  site  seleetit)ii  proji-'et  are  to 

• esiahlish  prehi7iinar\’  site  selection  lor  an  ocean  lood  and  energy  larni  (()!  I h ) based 

on  tlie  reiiuirenienls  and  limitations  of  Ol  I 1 as  delineated  by  the  princiiral 

lines!  igators; 

• compile  a digest  of  oceanographic  and  meteorological  data  usel'iil  to  the  selection  ot 

itie  I’hase  1 and  luture  larm  sites;  anil 

• select  candidate  Phase  I sites  alter  a thorough  review  ol  pertinent  data  and  literature, 

and  report  these  sites  in  order  ol  increasing  importance 

Kl  SLLf  S 

Site  selection  criteria  and  requirements  are  developed  and  are  listed.  Pertin-nt 
oceanographic  and  meteorological  data  are  given  in  tables,  tigures  and  appendices.  ,iy  com- 
paring tliese  criteria  to  the  available  environmental  data,  the  southern  ( alilornia  oltshore 
region  troin  .V''.^0'N  to  34°30’N  was  chosen  as  the  most  suitable  preliminary  site  for  Oi  l I'. 
I bis  area  lias  been  selecteil  as  the  optimal  location  lor  Phase  1 , and  probably  lor  Phase  _ 
and  early  4 as  well,  lor  the  Ibllowing  reasons. 

1 . Hie  sites  chosen  are  within  the  U.S.  economic  /one  (increased  to  2(10  miles  in 
March  I‘t7''i,  thereby  avoiding  possible  international  conllicl. 

2.  I he  region  has  the  most  mild  and  least  severe  extreme  weal  her  condit  ions  ol  any 
ollstiore  area  w ilhin  the  economic  /one  of  the  continental  United  States  or  1 lawaii.  It  has  ,i 
very  low  occurrence  ol  liigh  velocity  winds  and  high  waves.  I his  is  because  the  region  is  north  ot 
the  tropical  cyclone  /one  and  is  located  on  the  soutliern  extreme  ol  the  ext ra-lronical 
cyclone  region. 

4.  In  tills  nearshore  area,  nutrients  ot  adequate  concentrations  are  relatively  near 
Itie  surtace  ( l.*>-2.‘v  /ig-at  liter  NO3  at  100  meters  I. 

4.  Research  and  support  I'acilities  are  available  close  to  the  proposed  sites. 

.S.  I he  region  is  w ithin  the  natural  habitat  /one  ol  Macroc>  stis  pyrilera.  lempera- 
ture  and  light  regions  are  excellent  tor  Macrocystis  growth. 

0.  Current  speeils  are  mostly  within  the  ranges  specilied  lor  optimal  1)11  P opera- 
tions and  kelp  growth  characteristics. 

RKOMMUNDAIIONS 

It  IS  recommended  that:  (i)  siting  ol  Phase  1 and  probably  luture  ocean  larmsbe 
within  the  southern  Cahroniia  otTshore  region;  (iil  lurther  research  on  M.  I’yrilera  be 
perlormed  to  deline  nutrient  and  temperature  requirements  and  possible  synergistic  ett'ects 
lor  better  delinition  ol  potential  growing  sites;  (iii)  otlier  worldwide  geographic  locales  be 
investigated  lor  possible  t'lilure  siting  ol  Ol'l  i ’s;  and  (iv)  that  thorough  current  surveys  be 
conducted  at  final  sites  prior  to  placement  ot  larm.  Ibis  is  necessary  lor  final  engineering 
requirements  and  farm  configuration  planning. 
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INTRODUCTION 


I Ik'  Ocean  l-ood  aiui  I iieryy  l arm  (UI  Ll  ) concept  envisions  larjic  areas  ol  open 
ocean  iiiulei  cultivation  utili/ing  solar  energy  input  and  the  pliotosynthetic  process  to 
produce  high  yields  ot  niarine  algae.  The  proposed  crop  plant,  the  giant  brown  kelp 
.Macrocystis  pyritera.  is  expected  to  yield  in  excess  of  270  wet  inetiic  tons  (.56  dry  metric 
tons)  ot  harvested  organic  material  per  acre  per  year  (Reis.  I and  2)  Hus  material  would 
he  harvested  anti  processed  to  produce  methane  gas.  food  and  leeil  prodiu  ts.  tertili/er. 
ethanol,  and  other  organic  products,  niany  ol  which  are  currently  produced  Irom  nonrenew- 
,ihle  petroleum  stnirces  (Ret.  ol.  In  addition,  a mariculture  subsystem  would  produce  higli- 
value  finlish  and  shelllish  products  lor  htim.in  consumption. 

The  economic  successot  any  aiiuaculture  system  is  dependent  on  the  selection  of  an 
appropriate  site,  l actors  which  must  be  considered  m selecting  potential  sites  include 
various  physital,  chemical,  biological,  economic,  and  geopolitical  parameters. 

I’roper  selection  ol  a larm  site  rciiuires  that  the  needs  ,md  limitations  of  the  total 
larm  system  be  considered.  Particularly  important  are  the  biological  rei|uirements  of  the 
kelp  Macrocystis  pyrilera  and  the  practical  engineering  and  economic  lactors  which  alTecI 
design  ot'the  larm  substrate  and  arlilicial  upwelhng  systems. 

Biological  and  chemical  parameters  of  importance  to  site  selection  include  the 
availability  and  concentration  of  nutrients  m both  the  near-surlace  mixed  layei  (directlv 
available  to  crop)  and  at  intermediate  depths  ( 100  to  300  meters  ol  depth  and  available  to 
the  cro|i  .liter  arlilici.il  upwelhng).  Nutrient  concentration  and  .iv.ul.ibihty  m vombm.ition 
with  light  intensity  and  temperature  are  .miong  the  principal  factors  which  will  deiermme 
the  rate  ol  Oi  l I-  primary'  productivity  and  therelore.  economic  return  Nutiient  concentr.i 
tions  are  highly  variable  m both  location  and  season  with  the  piiiicipal  deteimmmg  lactors 
being  the  amount  ol  wind-caused  mixing,  natural  upwelhng.  .md  biologic.il  utih/.ilion 

The  cost  of  the  substrate  system  will  constitute  a large  p.irl  of  the  lot.il  cost  o)  the 
Ol  I P . I he  substrate  therefore  “represents  a major  investment  in  an  ocean  structure  which 
may  he  vulnerable  to  damage  during  periods  of  storm  and  adverse  weather  conditions"  ( Ret 
2 1.  Selection  of  a farm  site  which  mimmi/.es  the  chance  for  environmental  damage  is 
conseciuently  of  great  importance. 

I he  location  and  intensity  of  prevailing  currents  are  also  important ; areas  of  high- 
speed currents  may  have  to  be  avoided  whereas  weaker  currents  can  act  to  remove  waste 
materials  and  replenish  nutrient  supplies. 

Other  aspects  important  to  the  farm  location  include  the  amount  of  incident  solar 
radiation  and  degree  ol  light  penetration  (both  vary  geographically),  the  ocean  temperature 
m relation  to  M.  pyrilera  tolerance,  and  the  location  and  concentration  of  potential  sources 
of  pollution. 
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1 ci'iu'MiK  ;iiul  licopolilical  coiiMilcralioiis  arc  hriclly  aiklrcsscd  I lie  location  ol 
future  support  aiui  processing  lacihties  in  relation  to  the  Itiini  site  are  liiipoitanl  econoniic 
factors  I’reuousK  clainieil  oi  ilisputeii  territorial  waters  will  he  areas  ol  high  risk  until 
international  aereenieiits  aie  niaile  I ocation  ol  traditional  sea  lanes  niusi  he  considered. 

I he  geneial  region  ol  the  eastern  I’aeitic  was  chosen  lor  study  hecause  ol  the  prox- 
unit\  ol  support  lacihties,  the  positive  geopolitical  environment,  and  the  need  to  limit  the 
area  ot  prehmiiiarv  consnleration  to  a manageahle  si/e. 

I his  report  discusses  the  site  selection  lor  one  or  more  Phase  I prototype  larnis. 

I he  summary  ot  availahle  environmental  data  presented,  however,  are  also  applicahle  to  the 
selection  ot  liiturc  Phase  2 and  locations.  Site  selection  is  based  on  criteria  as  developed 
hy  the  principal  investigators  lor  the  OM  P Project  and  include  Dr.  U . North  ot  the  ( ah- 
lornia  Institute  ol  lechnology  and  Dr.  II.  Wilcox  and  Mr.  1).  Murphy  ol  the  Naval  Ocean 
Systems  ( eiitei 
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lUOKH.K  \l  KI  Ol  IKI  MIMS  LIMITATIONS 

Site  M'k'ction  critona  ilc.iling  \Mth  tin.-  hiological  n.’t|iilicmeiits  aiul  limitations  arc 
siiiiimari/cii  m laMc  I 

Niilricnis 

Stirlacc  waters  o(  the  open  ocean  in  temperate  aiul  tropical  areas  heyoml  coastal 
aiul  npvsellinj;  mniiences  are  i>enerally  niitrieiit-liiniteil  to  the  ileitree  that  the  naturally 
availahle  nutrients  will  sustain  only  low  levels  of  productivity.  It  has  heen  demonstrated 
that  nitrof’en  is  the  principal  controllini!  nutrient  in  the  eastern  tropical  I’acilic  (Rets.  4 and 
^ 1 aiul  IS  the  |irimar>  nutrient  limitnif;  j:rov\  th  of  ishytoplankton  olT  southern  ralilornia 
(Ret.  ot 

St  miles  ol  marine  macroaljrae  productivity  as  a I unction  ol  nutrient  concentration 
are  lew  Uaite  and  Mitchell  (Ret.  7)  have  demonstrated  that  increases  in  the  concentration 
ol  ammonia  and  phosphate  siunil'icantly  increase  the  rate  of  carhon  fixation  ( pliotosy ntliesis i 
III  I Iva  lactiica.  a green  inacroalgae.  In  the  red  alga  I ucheiima.  periods  ol  maxinuiin  growth 
coincide  with  inaMinuin  nutrient  concentrations  during  periods  of  lowered  temperatures  and 
reduced  light  along  the  l lorida  coast  ( Ret  S). 

Jackson  states  in  his  l*hl)  thesis  that  lor  natural  kelp  heds  (M  pyrilera)  off  San  Diego 
"the  condition  most  limiting  Macroc>  stis  prodiution  was  the  low  concentration  of  dissolveil 
nutrients,  especially  nitrogenous  substances,  ne.ir  the  siirlace"  ( Ret  ‘)|  Nitrate  concentra- 
tions III  the  San  Diego  Point  Lonia  kelp  bed  were  generalK  low  . less  than  1 liter 

NO;^  - N*  I Ret  ‘D.  however,  during  iipwellmg  peruuls  can  go  as  high  as  5 H /ag-at  in  the  near- 

surlace  (Rel  lOi  I here  is  evidence  that  M p>  rilef.;  compensates  lor  this  nitrogen  limit,  lion 
by  translocating  it  from  depths  where  concentralions  are  significantly  higher  (Ref.  ‘D,  Ibis 
characteristic  is  very  significant  and  should  be  considered  w hen  designing  the  upwelling  and 
distribution  systems  for  the  Ocean  I'arm. 

Natural  populations  of  M.  pyrilera  oil  southern  ( aliforma  experience  nitrate  concen- 
trations on  the  surlace  Ironi  near  0 /ig-at  liter  to  as  high  as  /ig-al  liter  NO-^-N.  but  eenerally 

less  than  4 /ag-at  liter.  At  K-IO  meters  depth  the  concentrations  are  usually  higher,  varying 
from  about  1 /ag-at  to  as  high  as  lb  with  a mean  range  of  2-b  /ag-at  N()^-N  ( Rets,  b through 

I 2).  Nutrient  concentralions  are  usually  highest  in  the  January  to  June  period  and  lowest  m 
late  summer  Orowtli  rates  have  heen  observed  to  be  ilecidedly  low  when  dissolved  nitrogen 
tails  below  1 .0  /ag-at  liter  ( Ref.  13).  Preliminary  studies  by  W.  North  iiulicate  that  for 

NO^  (tile  cameentration  ol  nitrate  at  wliic/i  the  uptake  velocity  ol  nitrate  is  1,2  maximum) 

IS  near  ‘>.4  /ag-at  liter  (Ret.  13).  Optimally,  the  concentration  ol  nutrients  shoulil  be  above 
the  Kj„  lor  maximal  productivity.  An  area  having  a 10-1 .3  /ag-al  liter  N():5-N  slunild  yield  ,i 

very  high  growth  rate.  Above  this  concentration  the  uptake  rate  curve  levels  off.  therefore. 

•/  tAfi  atihtvr  SO  fS  14  mu  r<>f(ram%  nitratr  nifrttgen  littr  t>r  14  /tarts  per  hiUion  ipphi 
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ItlOl  ()(.!(  \l  Kl  (,)l  IKI  Ml  MS/I  IMI  I A I IONS 

1 20  m.i\ii';iim  iihmii  siiil.iee  U'm|H‘i.iliire 

2,  .1  '■  A .It  lilei  luti.ii,  (mnimiimi 

|i  10-15  /Ji;  .il  liter  niti.ite  (optim.il  i 

.1  25  e III  sei  I tl  5 kii ) e III  lent  in. iMmum  ( )l  I I t^=  25  i in  see  snst.niieil  euiienl 

s.inses  pi. nils  to  .ippm.Kh  lioii/nnl.il  .it  siilisli.ile  depth) 

h (•i''lniKil  1 0 em  set  ( 0 2 kn  ) 

1.  Mniiin.il  4 tin  set  lO.OX  kn  i 

I \(.IM  I Kl\(  - I IMI  I \ I IONS  Kl  (,)l  IKI  MIMS 

1 ,1  0 ^111  set  I 1 -kn  1 1 iiiieni  .it  siihstute  depth  (I’luise  1 o|iet.ilion.il  tunenl) 

h M.iMiiuiin  1 5-ni  see  snsi.iiiied  emient  desipn  hnni.ilion 

2 ;i  Avoid  stoinidoiee  vv  nuls  (eie.itei  tluin  25  in  set ) (loe.tte  in  ;ire.i  ol  lensl  stoiin 

pioh.ihihtN  I 

h Minmn/e  p.ile-toui' winds  line. itei  th.iii  1 7-ni  see. ''.5-ineter  w.ivesi 

V a M.iMiiunn  sip'nirie.inl  w.tve  heipht  1 1 meters  t.?5  leel)  (desien  tor  I’hase  I test 
module ) 

h.  I xireme  w.ive  height  10  meters  lo.^  leeli  teslieme  design  wave) 

I Mmnmim  mea)i  w.ive  height  1 melei  iiei|iiired  loi  upwelhng  system) 

Oplnmil  wave  height  2-.?  meteisiloi  npwelhng  system) 

I ( ()\(  )MI( 

1 Moored  suhsirale  )na\nmnii  ilepth  (>00  )iieters  i I’hase  .' ) 

2.  I’roxiiinty  to  researeh  ami  support  !atihl)es 

I’h.ise  1 .^2-kilomelers  maximum  ( 2-houi  liansit  lime) 

(d  Ol’OI  1 1 1(  A I 

1 Avoid  traditional  sea  lanes  and  sulniiarnie  transit  /ones 

2.  l ocale  outside  claimed  economic  and  territorial  /ones 

Iprohahly  .520-kilomeler  /ones  will  he  adopted  neeils  international  t larilication ) 
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pti)\ uiin>:  I 111.'  plants  vv  ii  li  )iri‘.iii.’i  than  1.“'  #jg-ai-NO^-N  woulil  prnhahly  not  lie  i'i.()iioniii.al 

(e  g,,  an  nu  rease  Iron)  I (i  to  2.^  /J(j-al 'liter  only  causes  an  increase  in  uptake  rale  ol  1 1 per- 
cent. Kel  l.?»  Minimum  levels  ol  N()^  rei|tiirci)  lor  Ihe  marine  larm  are  estiinaled  to  he 

helween  } ami  ^ pfi-at'lilei  (an  increase  in  uptake  rale  o|  400  pera-nl  is  compuleil  when 
\();  levels  are  increased  Iroin  I to  ,'i  pp-al  liter  Iron)  U North  data,  Kel  l.^l.  since  average 

levels  ol  N( ) 1 oil  Ihe  southern  ( ahloinia  coast  at  depths  he  tween  100  and  .^00  meters  vary 

Itom  i.'s  to  sO  ;uc-al  liter.  II  the  nitrate  rei|uired  l y M pyrilc»'a  is  hetween  and  1 pg-at/ 
liter.  Ihen  Ihe  eslimated  amount  ol  upwelled  water  to  provide  this  level  ol  nutrient  to  the 
plants  IS  helween  10  aiul  .SO  (lercent  assuming  thorough  mixing  of  ui'welled  with  surlace 
w. Iters  A very  imporlani  parameter  discussed  hy  Norlli  (Kel.  I.^l,  is  the  percenlageol 
sui  lace  area  ol  kelp  that  is  exposed  to  given  levels  ol  \()^.  I his  factor  should  he  consulcreil 

III  Ihe  design  of  Ihe  disirihiilion  system.  If  exposure  area  on  the  M pyrifera  can  he  maxi- 
ini/ed.  Ihen  the  concentration  of  N()^  might  he  reduced  significantly  while  maintaining 
adeipiale  growth  rates. 

I emperalure 

In  most  hiochemical  systems,  increases  in  temperature  cause  increases  m chemical 
reaction  r.iles  to  some  maximal  temperature  level  hey  ond  which  inliihilion  occurs,  lempera- 
ture  IS  found  to  he  very  iinporlant  in  modifying  kelp  growth  rate.  Comparison  ol  elongation 
growth  rales  measured  al  different  lemperatures  yield  a C>|(y*  of  a|iproxiniately  1. 7 lor 

M py  rifera  ( Kel.  I4i.  I his  indicates  that  the  expected  increase  m froiul  eloiigalion  for  a 
lO  ( rise  111  temperature  is  hy  the  lactor  1. 7.  However,  M.  pynlera  oil  southern  Cahtorma 
does  poorly  at  temperatuies  above  20  ( . aiul  when  ahove  2.^"^'  the  sy  iii|itoms  ol  “tempera- 
ture damage"  i pigment  loss,  hriltleness,  sloughing)  ap(iear  m a week  oi  less  (personal  com- 
munication, W North). 


Clendeniimg  sluilied  Ihe  effect  of  short-term  exposures  to  high  temperatures  and 
louiul  that  hghl-saluraleil  photosy  nthesis  was  always  highest  helween  20°  and  25°C 
(Kef.  I.'i).  Al  .^0°C  photosynthesis  was  completely  inactivated  within  the  I'lrst  hour  of 
exposure  m kelp  collecleil  fioiii  depths  ol  I .S  to  20  meters,  aiul  it  was  partially  inactivated 
in  one  lioui  m kelp  collected  Ironi  the  suiface  caiuipy.  In  longer  let  in  experiments  at 
2.V0  {'  (75  I ).  M.  pynlera  showeii  a decrease  in  photosynthelic  capacity  allei  vine  ilay  aiul 
vvere  ilegravlation  of  the  plant  alter  two  ilays(Kef.  I 5).  M.  py  rifv^i  Irom  Bahia  Fortugas, 
H.iia  ( ahlornia,  flourishes  in  water  that  reaches  appmximately  2(i  ( lor  several  weeks  liuring 
late  summer  (W  North,  personal  conimunicatloii).  ('leialenning  denionstrateil  that  the 
(ihotosy  nthetic  temperature  optimum  for  the  Turtle  Bay  kelp  was  hetween  25°  aiul  .^0°C. 

I hese  plants  also  exhihited  a 50-percent-highei  photosynthetic  capacity  per  unit  area  than 
has  been  observed  in  local  southern  Caliloniia  kel|i  ( Kef.  15  ). 

Stuvlies  on  the  effect  ol  temiieratiire  on  M.  pyrifera  growth  have  not  generally 
mchulevi  nutrient  measurements.  In  Ihe  reported  cases  whea'  there  has  been  a summer 
ilie-ofi  ol  kelp,  allegedly  causevi  hy  higher  than  normal  temperatures,  nutrient  vlata  are 

*lrnifH‘ratiirc  cot  f/uirnt  The  increase  in  rate  oj  a pnn  ess  (expressed  as  a multiple  (tf  initial  rate/  prt>duced  hv  raisiufi  the 
temp<'ralure  IOC 


r 


s|\iiM‘  or  im.ivail.iblo  Miilaa-  walci  Ironi  iIk-  soiilli  is  very  low  in  nulrienls.  aiul 

when  Ihere  is  an  inimsionol  tins  watci  alonu  the  sonllk-rn  ( aliloinia  coast,  it  isposslhle.il 
not  proh.ihle  th.it  the  plants  snllei  rroni  nntiient  ilelieiency  rathei  than  hijtli  teinpei.itiire 
ileet.iil.ition.  or  perli.ips  there  is  a s\  nereislie  elleel  An  expeinneni  to  jnvesliyMle  the  eoin- 
hineil  luitrient  anil  tempeiatine  elU'i  ts  on  the  (.'lowlh  late  ol  ^ pyrileta  innst  he  eompleteil 
to  hettei  ilelnie  teinpei.iture  .mil  nutrient  limit. itions  .iml  thus  mole  .lei  iiratelv  eli.ii.ieteri/e 
potenti.il  ocean  I'.irm  eeoer.iphie  i.mees 

I he  inili.il  snstaiiKil  Ieni(>er,itnie  limitation  is  therelore  lent,ilivel\  pnl  at  JO  ( 
Temperatiires  ahme  this  v.ihie  appeal  to  have  .1  ileyr.iilni.i;  elleel  on  the  kelp  oil  soiilhein 
( .ihtorni.i  .mil  this  .irea  will  prohahK  he  the  lirst  souiee  ol  plants  toi  earl\  expeiiment.il 
l.irms  1 he  JO  C assumeil  limitinii  temperature  m.iy  eventnalK  he  ineieaseil  irsouthern 
( ll.ihi.i  1 oituu.isi  pl.ints  aie  nseil  01  il  jienetie  ni.inipul.it  ion  in  the  I lit  are  ere.ites  st  rains  ol 
jiie.itei  leniperatnre  tolei.inee.  (Note  I iiniie  I 1 shows  the  approximate  ranuesol  M.iero- 
ivstis  it  hmiteil  to  JO  ( ami  with  \.n\ me  amounts  ol  suilaee  eoohn};  liom  artiriei.il 
apwelhni;  1 

( iirrenls 

I he  m.ijimtiiile  ol  Iheeiiiient  liehl  lowhieh  the  pioposeil  marine  larm  is  exposeii  is 
ol  ere.it  impoit.mee  to  itsovei.ill  sneeess  ( aiientsol  liiyli  leloeilies  relative  to  the  suhstrale 
will  ent.nl  hieli  cost  st  iik  tines  .nul  will  leiul  eilhei  to  eaiise  the  kelp  to  t r.iil  hoi  i/ont.ill\  .it 
or  ne.ii  the  ilepth  ol  the  siihstr.ite,  th.us  leihieini'  lijrlit  level  ami  proilnetiv it\  In  extieme 
eomlitions  siieh  eiirrents  mieht  cause  the  plants  to  hie.ik  awav’.  In  eomhm.ition  with  liisrli 
w.ives  thev  eoulil  cause  il.im.ii-’e  to  the  snhstr.ite  siineliiie  ilsell.  Converseh.  a low  velocitv 
w.iter  movement  is  rei|iiireil  to  lepleiush  niitiients  m the  viiinity  ol  the  plants  anil  carry  olT 
w.isle  proilucts. 

Hesiiles  m.ijor  current  systems,  other  loriiis  ol  water  movenieni  are  important  I hese 
mchiile  local  wnul-ileiiveil  cuirenis.  swell  .mil  chop,  internal  waves,  and  natural  and  artilici.il 
ui'wellmj;.  .A'tilicial  upwellm;.’  m.iy  hecome  vei\  import.int  as  a w.iter  movement  lactor  in  a 
l.iifie  111. nine  larm  where  the  other  lorms  m.iy  he  severely  diininished  hy  the  liiclion.il  chai- 
.icteristics  ol  the  plants  (Kel.  1(>I. 

I’rehminary  experiinenls  at  the  University  ol'(  ahroinia.  Santa  Uarhar.i.  indicate  th.it 
tor  tissue  excised  Irom  adult  M.icroeystis.  .1  m.iximuni  photosv  nthetic  rate  (ml  Os  evolved 

cm"  hlade.  In  ) is  ohserved  with  a water  velocity  ol  I (J  cm  sec  or  .ipproxim.itely  O.J  knot  (N\ . 
Wheelei.  personal  communic.ition  I.  In  several  as  yet  unpuhhshed  experiments,  \\  . Wheeler 
iitili/ed  a variahle  llow-throutth  system  to  measure  the  Os  evolution  Irom  M.icrocysiis  tissue 

while  kee))iny’  nutrients  and  liirlit  levels  constant.  1 he  i.ite  ol  photosv  nthesis  with  no  water 
movement  was  me.isured  to  he  approxim.itely  \/S  th.it  at  10  cm  sec  At  .1  velocity  of  4 
cm/sec  (0. Ox  knot)  tlie  photosynthetic  rate  was  l/J  maxnmim.  It  is  apparent  Irom  these 
experiinenls  that  some  de}:ree  ol  w.iter  movement  is  iei|uiied  to  increase  nutiient  availahility . 
and  thus  the  rate  ol  photosynthesis,  ahove  that  suppoited  hy  purely  dillusive  processes 
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1 ho  optiimim  ourionl  volooity  rooommoiuloil  lor  tho  Ooo.m  I .inn  is  lU  om  see 
(0.2  knot  I.  ,\n  .ihsolulo  minmunn  Misl.nnoil  volooity  ol  4 s m sio  (O.OK  knoll  is  roooinnioiuioil 
i hoso  rooominoiul.itions  .no  lot  ino.in  watoi  spooil  past  tho  kolp  plants  aiul  aio  tont.ilivo  until 
nioio  lliorouoh  oxponinonis  can  bo  aoooinphshoil  l lio  iniporl.int  parainotor  is  lol.itivo  walor 
spooil  \sluoli  oan  lio  llio  oontiinoO  rosull  ol  ouiront.  swoll,  intornal  wavos,  aiul  upwollni!i.  It 

l. iolois  othoi  th.in  pinnary  ounoni  oro.ito  an  .kloiiualo  w.itor  tiow.  tho  silo  ooulil  siiooosslully 
I'o  looatoil  in  .in  aroa  wlioio  ourionl  volooity  is  roiluooil  holow  Iho  lovoK  hstoil  ahovo  as  inini- 
muin.  Somo  ilooroo  ol  walor  inovoinont  is  nooossary , howovor.  to  onsuro  an  mIorohant:o  ol 
nulrionl-i.loplotoil.  hi);h-w .isto-oonoontration  w.ilor  with  Irosh  walor. 

•\t  Iho  othor  oxironio.  suslainod  ourionts  of  rolativoly  hiiih  volooity  o.in  bo  tiosi ruotivo 
to  Iho  pl.inis  or  o.iuso  thorn  to  trail  hori/ontally . thus  roduoinj!  ihoir  photosy  nihotio  oapaoity 
b\  roiluoini;  ax.nlablo  liohl  ( urronts  ahovo  25  oni.soo  (0.5  knot)  loiul  to  oauso  inaluro  Nl^ 
py  rilor.i  to  trail  towards  tho  hori/.onlal.  approaohinp  tho  dopth  ol  Ihoir  substr.ito  (VV  North, 
porsonal  ooinmunio.ition I l or  this  roason.  Iho  in.ixinunn.  moan  sustainod  rol.itivo  ourionl 
111. It  o.in  bo  loloi.itod  within  tho  niarino  tarm  is  t.ikon  as  25  oin/soo. 

1 \(.INH  KINC;  LIMI  I A IlONS/Kl  Ut  lKl  Ml  NTS 

Iho  prohmmary  dosijni  srilori.i  lor  a moorod  oooan  laim  jnid  systom  lor  Ph.iso  I aiul 

2 larnis  havo  boon  dohno.ilod  (Rot  17i  I ho  wind  is  (ho  prmoip.il  drivinu  loroo  bohnid  most 
on\ ironnioni.il  par.miolors  ol  import.inoo  to  slruolural  intojirity.  .Allhoui’h  tho  wind  itsoll 
has  a iK'nIipiblo  olfool  on  submoijiod  substratos  and  kolp  plants  and  is  not  oonsidorod  in  Iho 
ongmoorinj'  oritori.i.  il  is  tho  driving  loroo  tor  both  wavo  hoight  .md  loo.ih/oil  oiirronts.  Bo- 
V..1US0  wind  IS  inoro  Iroiiuontly  mo.isurod  than  othor  paraniolors  it  is  disoussoil  horo  .md  m 
iiioro  dotail  in  tho  moloorology  soolion.  l ordosign  purposos,  Iho  maximum  sigmtiL.ml  w.i\o 
tioighi  (signifioanl  hoighi  dolinod  as  avorago  hoighi  ol  Iho  1/5  highosl  wavosi  is  sot  .it  I 1 
motors  (,?5  tool  I (Iho  oxiromo  wavo  hoighi  is  sol  at  I motors)  .mil  Iho  sigmlio.mt  poriod  sol 
at  1 2.()  soooiuis.  I ho  ilosign  oporalional  ourront  is  .m  ommdirootion.il  0.5  m/soo.  with  ,i 

m. ixim.il  lol.il  dosign  ourront  ol  1 .5  m soo.  .Ahovo  I .5  m/soo  rolaliso  ourront  Iho  kolp  plants 
hogm  lo  oomo  apart  (W.  North,  porsonal  oomniunio.ilion ).  Ihoso  onginoonng  oniori.i  woro 
dolinod  altor  using  a singlo  oahio  dynamio  load  modol  with  Iho  worst  o.iso  dolinod  as  Iho 
suhsir.ilo  at  .i  15-moloi  dopth  oxporionomg  I 1-moIor  wavos  with  iho  po.ik  load  .ipproxim.ilo- 
ly  2.x  m/soi  (oltool  ol  ()  5-m/soo  ourront  phis  aotion  ol  w.ivos)  ( Rol  17)  In  ordor  to  avoid 
maximum  wavo  hoighls  and  oiirronts  .is  dohnoatod  .ibovo  ,md  m I ablo  I . .iioas  oonsidorod  lor 
looaling  tho  niarmo  larm  should  ho  as  Iroo  as  possiblo  ol  g.ilo-loroo  winds  (gro.ilor  than  I 

111  soo)  and  should  bo  posiiionod  lo  avoid  (mmimi/o  prob.ibihty  ol  ooourionoo I siorm-toroo 
winds  (25  111  soo  oi  groalor) 

At  prosonl.  wavo-|iovvorod  pumps  .ippo.ir  lo  bo  tho  most  piomising  moans  ol  dolivoiing 
high-mil i loni  w.itor  to  tho  larmsiKol.  IX)  l ust  ostim.itos  iiiilii.ilod  that  ,i  tnimmum  moan 
wavo  hoighi  ol  I motor  is  loipiirod  to  fuimp  sultuionl  w.itoi  to  mamt.iin  dosiiod  nutnont 
lovols  A w.ivo  hoight  ol  2 to  2 5 molois  is  pioloiiod  lo  supi'ly  onough  onorgy  to  upwoll  tho 
doop  walor  noodod  lo  lortili/o  one  aoro  (4000  s.ju.iro  nioloisi  ol  oooan  laim  wiih  ono  pump 
utih/mg  .1  .Vmotoi-diamoloi  lloat  (kol.  IX) 
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It  IS  I'li'scnlK  I’l.miu-il  to  li.i\i  I'h.isi’  1 .iiul  ’ I, urns  m IIk'  lomi  <>|  iiinoi'  il  :.’iul- 
uhilo  till' li.Msil''ilils  111  il\ n;imis.ill\  i'omIioik'iI  l.iinis  is  Ih'im-j  sliulk-ii  < )iif  nl  tiu- in<isl 
im|'oil;ml  csoiionii.  |\ii.mKii  is  \sIumi  i Diisiik'im;-  .UK'lu'ti.-il  siil'si  r.ili  s is  liu'  i.os!  ol  mnni 
ini' .mil  iiK'Drini’ iii.iliri.ils  It  isaiiunillv  imi  liMsihlc  inpl.K\  miiltipiniit  iiinnimi' .iikIkhs 
.iiul  liiu's  loi  l.ii'v  ( )l  I I siibsii. ill's  hi'lmi  .ilnnil  (lOO  im'Ii'is  in  ik'plli  l'i'c;iiisi' n|  lIu' l-xIu'iiu' 
iisi  in  losis  bi'\  Diul  Unit  iliplli  (II  U iliox  piisninil  lommiinii  .itimi  i I Ills  losl  I.k  loi  will 
liinii  incoicil  lainis  In  .ippi<>\im:iii‘l\  iIk'  7()(I  nu'lii  lOiUour  I iih  (.•xpi-niiKnl.il  I. inns  mil! 
U'lpiiii'  nuiih  sm.ilk'i  niooi  ini’  si  sU'iiis  .nul  .lu-  };ini.'i  iiol  In  ilil  k ii'nl  I'lnnoiiik'  |>ii'ssiiK's. 
.ilkniini;  tlk'in  to  bi'  mooii'il  .il  ik-i-pi-i  di'plhs. 

\ scankl  cost  biitor  ukil.'il  tn  siU-  sik'ilinn  is  Ilk'  pioxinilty  ol  loi'istk  iiitil  suppnil 
kk  link's  I III  I’li.isi'  I siti's.  ,1  ilist.iiki'  III  .ipprnxim.iIi'K  .’2  kiloiik'ti'is  ( 2-lu)ui  Ikinsit  link'  i 
til  siippoi I I.k  lilt il's  IS  V, nnskk'ral  nnixiimiin  ilik'  in  ilk'  sii'iiil k.mi  .imoiinl  ol  ixpci  iiik'iil.il 
I'lloil  .iikl  suppnil  io|uiK'il  lor  Uioso  i.uli  piololi  pi  l.iinis.  I oi  luluii.'  I’luisi  2 l.nnis,  tin 
ilisl.iiki  lo  siippoil  Ilk  ililk's  niii;lil  bi  ilk  ii'.isnl  to  ;ippin\iin.ild\  SO  kiloiik'liis;  lioiii'iir. 
Ilk'n  Is  potonti.illi  a botloin  iliplIi  lonslrainl  IMi.isi  2 .nul  liitiiU'  l.iniis  m.i\  h.ivi  supporl 
l.k  ililk's  iikoi|ioi.iU'tl  into  Ilk'  l.iim  ilsi'lt  .nul  so  It  in.n  bi  iiononik  .illi  li.isibk'  loi  Ilii  sili 
lo  bi  ilui'i  to  si'ii'ial  luiiulii'il  kilomiti'is  Iroin  llu'  linal  pion-ssinii  cinu  is  on  l.iiul 

(,l  oroi  I I l(  \1  ( ONSIDI  U \I  IONS 

Ilk’  si'k'ition  ol  .in  .ippiopi i.ili  siii  nn;s|  l.iki  iiilain  I’lniiaplik.il  .nul  polilk.il 
1.1.  Inis  into  .k'sonni  I i.ulilion.il  si.i  I.nu's  ,nul  siibiiuiiiik'  li.iiisii  /mu's  sliouki  bi  .ivoulul 
lo  pii’Vint  n.i\  i4iation.il  lia/.mis  Intil  iiiliin.ilion.il  .ii’ii'iini'iits  .no  iiuuk'.  llii  siU'  mill  li.iii 
to  U'ln.iin  oiilsuk'  the  elamied  eeonoinu  aiul  leiiiloii.il  /ones  oT  otliei  n.itions  ll  is  piob.ible 
that  in  the  ne.n  I iiliiie  most  ol  the  eoiinl  i les  ol  the  m oi  Id  mill  el.iiiii  22-k  iloiiu'lei  (200- 
niile  I eeonoiiik  /ones  M.nii  ol  I he  eoiinli  ies  ol  Sonlh  .nul  ( enli.il  Anieiie.i  h.iie  .ilie.uh 
4 laimed  ^ 22-kilonielei  eionoinie  /ones.  some,  mehidini’  Ura/il  .nul  1 vU.idoi  haie  el.nmeil 
^22-kilomeler  leinloii.il  limits  \le\ieo  has  leeenlh  (elleitive  lull  I‘>7()|  , l.iimed  ,i  '2 
kilometei  eeonomk  /one.  lesliutmi'  sii’iiilu  .mill  the  sonihein  .ire, is  iiheie  maime  l.imis 
miiili I be  pl.ieed.  .it  le.ist  until  a>;ieemenls  e.in  be  m.ide  is  ilh  Mexko  1 )i  .Ariid  I’.iido  ol 
l)S(  . a eoiiiener  ol  the  I .im  ol  the  Se.i  < oiiteieiiee.  has  slioni’K  leenmmeiuled  that  m.iime 
si  stems  I stieh  as  the  I ooil  .nul  I iieipy  I .nm  ) be  m.imt.nned  m ithm  llu  I I.S  eionomu  /one. 
m Ilk  h IS  e in  I ell  1 1>  1 0 kiloiiuleis  ( 12  miles  i,  but  likely  mill  soon  ( M.iieli  1 ‘*77 1 be  exteikleil 
In  ,<20  kilometeis,  unless  piioi  mlein.ilion.il  .ijneemeiils  .iie  m.uii  eoiieermiie  the  nlih/ation 
ol  open  Ol  e.ni  ( niu  laimed  ) ,ni  .is  1 1 )i  It  Andeison.  peison.il  eommnnk  alion  I 
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riu'  worUI  OO.MHS,  iiKliulinji  ,ui|.u>.'nt  sc.ts,  oiKomp;iss  dv\m  .?(>  I million  s<jii;iic  kilom- 
I’lcrs  ( I ,V)  million  siiiiau'  miles  l ol  siirl ;u  e .nea  w il li  a 1 1 enu’iuloiis  il  ivorsily  ol  cnvi ronmen ■ 
lal  eoiulilions  ( Kcl  l‘)l  Heeause  ol  llie  need  in  tins  preliminary  sliidy  to  limit  the  site 
siir\e\  area  to  a manaiiealile  si/e.  the  eastern  Paeilk  Oeean  Irom  SU  N to  10  S latitude  and 
trom  the  west  eoast  ot  the  Americas  to  Hawaii  ( lonpitiulet  was  chosen  l(  i^:  I ).  I!ns 

y A 

area  encompasses  approximately  36  million  sipiare  kilometers  t 14  X 10  ’ mi"  I or  10  percent 
ol  the  world  ivean  (30  percent  ol  the  I’.Ki/ic  Osc.in),  Ihisarea.  parlicnlarly  the  northeast- 
ern I’acitic,  IS  hijihly  appropriate  to  study  tor  potential  ocean  larm  sites  lor  several  reasons, 
some  ol  which  are  hsteil  helow  . 

1 Much  ol  the  are.i  is  witlim  opeiaimn  range  ot  seienlilic  and  su|iporl  lacilities  ol 
I'ersonnel  who  have  heeii  mvolveil  in  Macrosysiis  research  and  other  aspects  ol  the  Ocean 
I ,inn  Project . 

3 1 he  northern  disirihiilion  ol  the  genus  Macrocystis.  the  proposed  ocean  larm 

organism,  tails  w it  Inn  this  area  t !'  ig.  3 1 1 he  re  tore,  at  least  m the  nearshore  environment . 

the  ecologual  rciiuiremenis  lor  the  growth  ot  NlaemcWis  are  met. 

3 I he  general  oceanographic meteorological  climate  in  much  ol  the  survey  area 
api'cars  to  he  morlerale  enough  to  allow  large  open  ocean  lanns. 

I he  survey  area  was  initially  divided  into  eleven  naliira!  oceanic  regii'iis.  (Ret.  30, 

1 ig  1 . A K I which  are  based  on  the  properties  ol  surl'ace  waters,  their  biology,  currents,  and 
current  boundaries,  rather  than  classical  oceanic  water  masses  which  are  based  primarily  ivn 
deep  water  characteristics  ( Ret.  I')),  W ithiii  these  natural  oceanic  regions.  30  geographic 
.ireas  were  picked  as  representative  portions  ot  the  whole  region.  I hese  areas  were  then 
.m.ily/ed  using  N.ilion.il  Oce.mograivhic  D.ila  ( enter  data  l.ipes  on  the  Naval  Oce.m  Systems 
( entei  t\()S(  i Hnivac  I I 10  computer,  remperature.  salinity,  density,  and  nutrient  proliles 
tor  the  represent. itive  areas  were  proiluced. 

In  addition,  these  areas  were  surveyed  lor  meteorological  dat.i  by  the  N.ival  Weather 
.Service  Detachment  at  the  l-.nvironmental  Data  Service,  National  Climatic  ( enter.  Asheville. 
North  Carolina  Other  environmental  parameters  and  mlormational  sources  were  utili/ed  to 
characteri/e  the  regions,  to  eliminate  areas  which  were  sigmtic.intly  beyond  the  detined 
iriteria,  and  Imally  to  select  optimal  sites. 

(X  l ANOOR  APHY 

Currents 

I he  general  current  regimes  (direction  ami  mean  velocities)  are  given  lor  summer  and 
winter  lor  the  north  I’acilic  Ocean  in  f igs.  3 and  4,  respectively.  1 he  principal  current  m 
the  area  ol  the  survey  is  the  ( alilornia  Current.  This  current  has  a rather  poorly  defined 
and  variable  souttierly  tlow  which  is  easily  innuenced  by  prevailing  winds.  I he  ( alilornia 
Current  starts  its  southerly  movement  at  45°  to  4S“N  at  a position  where  the  North  Pacilie 
and  Aleutian  ( Subarctic ) Currents  impact  the  coast  Hie  current  varies  m width  frmn  about 


400  kilonu-lors  (250  nii)  oil  Washington  to  720  kiloim-ters  (450  mi)  oirsoiitlu'in  ( alilornia 
i|  ig.  5)  Hk- ( .ilitornu  ( nruml  iiiriis  wostoi i\  hclwcon  20  and  25“N  and  lu-coniis  the 
\oitli  Ia|iiatorial  ( iiricnt  with  mean  speeds  between  1 5 and  50  cm  see  to  (lie  longitude  of 
Hawaii 

()^erall,  the  ( .ihlornia  ( in  renl  averages  ahoiil  I'-  to  50  em  see  ( |- igs.  5 anil  4 i I h” 
sontliwanl  How,  partieiilaily  near  the  eoasts  ( areas ( and  I)  in  I ig  I.  predominates  Ironi 
\lareh  through  Septembet.  During  the  month.s  Oetober  to  1 ebiitary  the  weak  northward 
moving  Dav idson  ( iirreni  predominates  neai  the  eoast.  l.ven  during  the  summer  months, 
when  the  eiirrent  is  most  stable,  it  tends  to  be  v.iriable.  In  region  A the  eiirrent  sets  diieetlv 
south  25  I'ereeiK  ot  the  iiine.  .ill  olhei  direi  lions  .iver.ige  .ilroiil  1 0 irereenl  ( Kel.  2b ).  In 
region  H the  eiirrent  beeomes  more  eoiisistent.  setting  between  the  southwest  and  southeast 
4b  pereent  ol  the  time  with  little  or  no  seeondary  flow.  Hie  speeds  in  seetions  A and  II.  as 
listed  in  big.  5.  vary  tromO  I5to  I I m see.  The  ma\inuim  speeds  (above  O.b  m see)  are 
• probably  somewhat  high  beeaiise  they  aie  mostly  based  on  ship  drill  measurements  on 

wliieli  prevailing  winds  ean  have  a highly  signilieanl  elleel.  In  region  ( the  nearshore  sur- 
renis  are  higher  m veloeity  .ind  more  eonsisieni  than  in  region  I), 

Duimg  tlie  wmtei  months  (Novembei  to  l ehiii.iiy  i the  I'levailing  eiirrent  direeiion 
m regions  ( and  I)  in  the  < alilornia  < intent  region  ( big.  ^ i shifts  northward  and  is  ealled  the 
D.ividson  ( iirrent  (big.  (i).  wliieli  ^.in  be  it-imed  more  aeeiiralely  the  Wniterf  oaslal  C oun- 
' lereiirrent  (Kef.  2X).  It  has  .i  ratlKi  poorly  delmed  v.iri.ible  How  ilependent  m.iinly  on  the 

influenee  ol  the  wind.  I igiire  b shows  the  boundary  within  whieh  the  prevailing  northwaid 
How  gener.illy  oeeurs. 

I he  table  vvilli  I ig.  b indie.iles  the  vanabihiy  of  How  by  sliowing  monllily  I'ereenI 
lrei|iieney  of  observations  of  speed  and  direetion.  I he  Davidson  ( urrent  is  mierrupted  by 
the  prevailing  soiilheily  How  ol  the  ( alilornia  C urrent  from  .Maieli  through  the  Inst  hall  ot 
( )>.  lober.  ! he  soul  hern  portion  o I the  eiirrent  ( !•  ig.  (>,  region  ID  is  more  variable  than  the 
nortlu  n part,  with  sets  oeeurring  m (lie  oppivsile  direetion  (soutli)  treiiuently  in  .l.inuary 
i and  behruary.  I here  isevideiiee  that  there  is  a permanent  northwaid  How  below  2UU  me- 

ters ol  depth  riiimmg  about  ti4  kilometers  wide  .it  speeds  ol  about  25  em/see.  It  is  (nobable 
that  when  noiilierly  winds  become  weak  or  negligible  in  late  autumn  .inU  winter.  .i  noilh- 
sel  ling  counterciirreiil  lorms  at  I he  surlace  inshore  ol  the  main  ( alilornia  ( urrent  During 
this  periiKl  coastal  ui'welhng  lessens  (upwelling  is  strongest  in  the  spring  .iml  early  summer 
) months),  and  numerous  irregular  ediiies  occur  .dong  the  eo.isl  (Reis.  2X  and  24)  Nearshore 

currents  may  be  inlluenced  by  coastal  tidal  currents  (whieh  are  rotary  and  thus  will  set  m all 
directions)  anil  by  the  local  winds,  hence  will  tend  to  have  a highly  vari.ible  n.iture  In 
' summary,  the  D.ividson  ( urrent  begins  at  about  52'’%.  is  variable  anil  weak  in  the  southein 

section  ( 10  to  25  cm/sec),  hut  becomes  more  constant  as  it  moves  northward.  In  the  north- 
ern section  It  averages  slightly  higher  s|veeds  (2U  to  55  cm/sec)  .nid  meets  the  more  swiltly 
I northern-moving  .Alask.i  ( urrent  ( 25  to  50  cni/see)  at  about  4b°N. 

\ ('urrent  profile  (velocity  with  depth)  measurements  are  relatively  spaise.  Howevei, 

j this  type  ot  inlormation  is  extiemely  impoitant  to  the  |r|aiuimg  and  developmenl  ol  the 

I ocean  f.irm  because  ol  the  need  to  design  substrate  and  mooring  systems  to  wilhst.iiid  cur- 

rent anil  current  shear  bigiire  7 gives  several  curieni  I'rofiles  lor  the  northeast  I’.icilic 
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ri->;)on.  A^  c;in  be  soon  in  Iho  figiiro.  ourroni  moasuroinonts  aro  Inuhly  divorso  anil  vary  Irom 
rathor  liipli  snrtaoo  spoods.  25  to  I 20  oni/soo,  in  llio  norihorn  portion  near  tlio  coast  tprolilo 
)s-l  1 ) to  iIjo  very  low  spood  ciirronts,  loss  than  10  cm 'soc,  at  35°N  tprolilo  14).  i ho  north- 
orn  aroa  |4S°  to  52°M  is  the  lorminiis  of  tho  Aloiilian  ( iirront  and  Iho  southoasiorn  portion 
ol  tho  norl liw ard-inovin>;  Alaska  ( iirronl  In  locations  X and  0 tho  ciirront  roinains  noar  Iho 
same  volocity  or  incroasos  with  dopth;  there  may  be  some  tidal  inlliience  Irom  the  inlet 
north  ol  Vancouver  Island.  Shphtly  liirther  south  tho  strong  siirlaco  currents  Igrealer  than 
1 m/sec  in  locations  10  and  I 1 ) are  reduced  to  nearly  25  cm/sec  by  25-moter  dei’ths.  It  is 
probable  that  those  rather  high  maximum  surlaco  current  speeds  wore  wmd-mduced  I wind 
velocities  are  not  given).  The  measurement  locations  oil  Iho  conimontal  slope  I locations  1 2, 
15.  and  14)  aro  relatively  low  t 10  to  20  cm  sec)  m current  speed  anil  nearly  constant  with 
depth  In  the  southern  portion  ol  Iho  ralitorma  Curroni  region  the  proliles  show  slow  (5  to 
15  cm/sec)  surlace  currents  that  decrease  in  speed  slowly  with  de|vth  or  remain  loughly 
constant 

I ho  need  lor  turther  curroni  lime  histories  and  de)'lh  pritfiles  is  apparent.  I’rior  to 
placement  ol  ll/  ' prototype  marine  larm.  current  velocity  (irolilo  measurements  should  be 
made  to  estimate  belter  the  probable  stresses  on  the  substrate  and  upwelling  systems. 

In  tho  central  portion  ot  the  survey  aroa.  northeast  ol  Hawaii,  a large  gyro  is  lorined 
during  tho  summer  Irom  Iho  lorcosol  tho  weak  easterly-moving  North  Pacitic(  urrent,  the 
southerly  ('ahrornia  ('urrent,  aiul  the  relatively  strong  weslorly-setling  North  lujuatorial 
( urrent  l25  to  50  cm/sec.  1.5°  to  IX°N).  Hie  current  How  in  the  central  gyre  area  is  rela- 
tively slow  . |5  to  I 5 cm/sec).  I he  gyre  tends  to  disappear  m the  winter  ( 1 ig.  4).  l urlhcr  to 
the  south,  the  North  l iiuatonal  Countercurrent  runs  steadily  towards  the  east  at  25  to  50 
cm/sec  trom  about  5°  to  7°N  At  the  point  ol  the  northward  ilelleclion  ol  the  coui.lercur- 
renl  as  it  impinges  on  Ihe  ciiasi  ot  Central  .America,  there  is  a reilisiribuiion  ot  mass  that  is 
ollected  by  divergence  aiul  crosscurrent  How  thus  causing  an  upwelling  /one  about  400 
kilometers  across  I Kels.  24  and  25 ).  I his  /one  is  termed  Ihe  ( osla  Kica  Dome  and  is  char- 
•Kleri/od  by  lower  near-surlace  temperatures  and  elevated  luitrieiil  concenti.ilions  Isee 
I Ig  I ) 

I roll!  api'roximately  4°N  to  l°S  Ihe  high-velocity  South  I (.pialorial  ('intent  sets  m a 
westerly  ilirection  with  speeds  up  to  1 m sec  near  Ihe  eipiator  I he  South  I ipiatorial  ( ur- 
renl  originates  principally  Irom  the  Peru  Current,  which  moves  up  the  coast  ol  South  .Ameri- 
la  with  a mean  velocity  ot  approximately  50  cm/sec  in  the  region  ol  lO'S  increasing  to 
about  45  cm/sec  m *he  northern  portion  where  it  turns  west  tregionsO  and  10,  l ig  8)  at 
about  5°S.  1 he  surlace  current  velocity  is  roughly  constant  both  seasonally  and  over  most 
ol  Its  length.  Slight  seasonal  changes  are  shown  m l ig.  X.  I he  current  close  inshore  is  under 
the  nearly  continuous  mnueiice  ol  small-scale  upwelling  ( Rel.  28).  1 he  upwelling  takes 
place  Irom  about  150  meters  trom  35°S  to  2°S  tRel.  20)  and  causes  lower  temperatuies  and 
increased  nutrient  concentralions  near  Ihe  coast. 

Teiiipfraliire 

remiieralure  is  iinporlanl  biologically  lor  two  principal  reasons:  I I I it  has  a stimula- 
tory ellect  on  the  growth  rate  ol  Macrocystis  as  the  temperature  increases  Irom  low  values. 
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.mil  (2)  il  m.iy  have  an  inluhiloty  illi'il  wlu-n  llic  lomi'i r.iUiii'  rises  .iliove  20  ( Ini  miiihcrn 
strains  ol  \1  jiy  ritot.i  (soinewh.il  lusher  lli.in  20°<  lor  the  soulliem.  Hat.i  ( alilornia.  plants). 

A most  iinport.int  pai.iineter.  in  temisot  seleelint>  .m  Oee.in  1 ooil  .mil  1 neipy  I .inn  site,  is 
the  m.iMimim  temperature  reaeheil  iliiriit)!  the  summei  montlis  1 i)>iire  ')  fiives  the  mean 
temper.itme  ol  the  north  I’.mlie  lot  Sepiemhei , t>ener.illy . the  w.irmeit  water  tem|>eiaUiies 
are  ohsetseil  ilurm^:  this  month  I he  mean  20  ( isotherm  ((iH  I ) runs  eastw.iril  Irom  tlie 
western  I’.ieitie  very  elose  lo  40  \ l.itituile  to  .i|i(iioMm.ilel\  ISO  W where  it  heiiilssoulh- 
w.inl  meetin)!  the  west  eo.isl  ,it  .ihoiil  ,^2’N.  just  south  ol  .San  l)ie);o  ( 1 i^.  ')).  | his  southern 
heiulinj!  ol  the  isotherms  aloii):  tiie  west  eoast  is  eauseil  In  signil le.mily  eoolei  temperatures 
result  ing  ttom  I he  southerly  movement  ol  the  void  ( .ililornia  Cut  rent . during:  some  months, 
the  etieel  ol  eo.isl.il  upwellin)>  mlensitles  Ihe  eoohn)’  Irend  l i);ure  10  jiives  the  surl.iee 
thermal  sirueture  lor  m.iMimim  September  temi'eratures.  I he  theimal  eonlijtiir.ition  is 
b.isk.illy  Ihe  s.iine  (as  l ig.  0)  eseei't  ilie  w.irmer  isotherms  are  e.stended  lurlhei  to  the 
north.  Ihe  20"(  maximum  isotherm  runs  across  the  I’acilie  at  4,<°N.  bends  southward  at 
1.0)  U.  .md  meets  Ihe  coast  .it  about 

Ihe  selection  ol  the  Ocean  I arm  site,  ag.im.  is  dependent  on  the  surl.ice  therin.il 
struiture.  to  the  extent  that  ( 1 ) MacrocysUs  is  temperature-limited  (needs  tuither  lese.iich). 

( 2 1 the  degree  ol  optimi/.ition  ot  grow  l |i  rate  desired,  and  t I the  siirlai  e w .iter  i .m  be 
cooled  with  artilici.il  upwellmg.  ( Oiisidering  point  (4)  .ibove.  I ig.  II  shows  the  increment- 
ed temperature  reduction  ol  surtace  w.iters.  by  arnricial  upwellmg.  rei|uired  to  lower  Ihe 
me. Ill  .imbient  Septembei  temperature  lo  20  C , the  estimated  susi. lined  upper  teinpeiature 
limit  tor  Nl.  pyrilera. 

* 

I igures  12  and  I.?  give  the  mean  .ind  minimum  temperatures,  respectively,  toi  the 
ninth  I’.icilic  tor  I ebruary  . 

Nutrients 

Most  ofien  ocean  areas  imdet  consideration  lor  Ihe  Ol  I I are  nulrienl-hmited  (Reis 
4.  5.  .milt)),  given  I he  seli'i  lion  crileii.i  dehne.iled  m 1 .ible  1 t.^-5/ag-.il  hlei  niliale  mini- 
mum. 10-15  pg-al  liter  optimum)  I ven  in  Ihe  ne.irshore  environment  where  M.icrocystis 

grows,  the  nitrogen  concentration  is  Ireituently  limiting  ( Ret.  0).  It  seems  .ipparent  that  t 

artitiii.il  lertih/alion  (probably  by  u()welhng  pumps)  will  be  neeessary  .it  most  sites  ( Rets. 

1 .mil  IH)  I he  geogra|dnc  distribution  ol  nutrients  (both  hoi i/.ont.illy  and  vertic.illy  ) is  a 
very  imi'ortani  (xirameter  that  must  he  considered  m the  Oi  l 1 site  selection  process  Ue- 
t.nise  there  is  strong  evidence  th.it  nitrogen  is  the  prmcii'.il  macro-nutneni  (h.il  is  limiting  to 
Mil  rot^  St  IS  and  because  other  nutrients  generally  occui  in  constant  i.itios  to  nitrogen,  \0^ 

I'  the  only  nutrient  surveyed  below  * 

In  gener.il.  nitrate  concentrations  .it  the  surtace  are  less  th.m  I pg-.il  liter  except  lor 
icit.iin  near  lo.istal  .ire. is  where  n.itui.il  upwellmg  occurs  .md  two  maior  upwclling  areas,  (he  i 

( osla  Rii.i  I )ome  .mil  eipi.itorial  upwellmg /one  shown  m I ig  I | 

National  < Ice.inogr.iphii  I ).ita  ( enter  il.il.i  t.ipes  were  survey  ed  lor  ml  rate  ino tiles,  these  s 

d.il.i  are  presented  m Appendix  \ In  .ireas  I through ')  and  1 5 ( I ig  I ).  NOIH  riuliient  d.iia  j 

were  unavail.ible  Hecaiise  nutiieni  data  .ire  strongly  correlated  with  theimal  siruilure.  a 
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u'\ii.-w  oi  innporaluri’  proUk-s  is  givi-ii  in  Appoiulix  H I or  tliosc  .iic.is  whoio  luiirK'nl  il.it. i 
.iri’  lacking.  .1  iinalilativc  oslnnalc  ol  Ilic  iloplh  Irom  wIik  li  atlilui.il  [nimping  will  In-  lu-cov 
s.iry  can  bo  m.ulo  by  Jolormining  the  iloplli  ot  (ho  bottom  ot  tin-  thormoclmo. 

I ho  luitnont  piolilos  in  Appoiulix  A arc  ilivuloil  into  tour  soasons.  winter  (.l.iiiMari, 
spring  (Apr-lun),  suminor  (,lul-,So|i|,  .nut  tall  (Oc(  l)oc).  lablo  2 gives  tho  I'optli  range  .it 
winch  .1  coiicoiitr.ition  ot  ,U) /jg-at  liter  N()^  c.iii  bo  ovpoctoil  lot  the  survey  .110.1  given  In 

(ho  northorn  sector  ot  tho  stuily  area  t.iroa  1 1.  I ig.  1 I.  siirtaco  iiutiionts  .110  relatively  high 
( l-(>  gg-at  literl  in  the  winter,  probably  c.iused  by  heavy  wiiul  niixiiig  anil  low  biological 
iitih/.ition.  At  1 00  meters  ot  ileptli.  nitrate  co neon tr.it  1011  vanes  Irom  about  12  to  25  gg-.it/ 
liter,  anil  this  mcre.ises  grailu.illy  to  20-,^5  gg-.il  liter  at  .^00  meters  ol  ilepth  ( l ig.  A..^*  I. 
During  the  other  seasons,  particularly  summer,  the  near-surlace  nilr.ile  concentral tons  1 up- 
pei  50  meters)  are  consistently  low  , being  generally  below  I gg-at/liter.  I his  l.ict  is  (iroba- 
bly  causeil  by  the  increaseil  biologic.il  proiluctivity  louiul  m the  mixeil  surl.ice  layer 


*ln  \ I »’  10  A ft  lh(  n-iiuffii  nt fruit  \uti4r\  lull  from  u \inalt  n-sfurt  h cruisr  hit  h fitrtn  un  ustutislK  ul  pritfilf  in  fhe 

lf(t  ttf  the  main  f'rtifih'  afipfur  tt>  hr  nu  tfrrrt  t liuta  unii  \h<n4lJ  ht  i^n>>rrj 


1 able  2.  Depth  range  at  which  a concentration  ol  .^0  gg-at/liler 
luirale  can  be  expecteil  tor  seasons  m the  areas  siirveyeil 
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(KcT.  31  ).  As  ilu-  inixi'i)  l:iyi.'r  iiKTiMsos  in  ilcpih.  i1k‘  maxlnuim  coiKt-nlnil ion  ol  pliylo- 
pl;inkloii  ( mil  ronlii.ic  I gr.iiliKilly  iloepciis,  iiMvin^:  m /oik-  ol  ml r;ik--ili,'l ii  icnl  wiiUt  IhM  wi'cii  it 
,ind  iIk'  iippi.'i  p\ iikkIiir’. * Noilli  ol  43°N,  iiilrnU  ii.'m,ims  ;il  n.'l.il ivdy  limh  l-oikciiIisiIioiis 
ihroujilioiil  ihc  yi-.n  Soiilli  ol  45  N,  mii.ik'  is  pu'M.-iil  ,il  llu'  siiihia’  iliirinn  \vmti.T  ;iml  Ink' 
kill  Inil  hoconu's  ik-pli.-ti.’il  m spun;!  ;iiul  smmiK'r  llu-  imiinkm.iiuo  ol  rd;ilivdy  lii;!li  ron- 
I. iMitr. Ikons  oT  nilr. Ill'  north  ol  )3°\  is  .nnihtik'd  to  rdtilivdy  inkwisivi-  i-nli.iinnu'nl  ol  (k\'p 
w.ik’i  II  lo  Ilic  upper  /one  et'upleii  witli  ,i  slow  rule  ol  iemov.il  ol  nulrienis  hy  prim.iry 
produeers  ( Kel  3 1 ). 

I (ir  are;is  soiilh  ol  dO^N  in  Ihe  easlern  Ihieilie  Oeean  there  h.ive  been  two  maior 
surveys  ol  nuirient  and  oilier  oeeanographie  parameters  [ he  C.iliroini.i  ( oopei.itive  Oi  e.in- 
K l isheries  investigalion  Program  (( 'Al.COI  1 1 has  been  studying  oeeanie  properties  on  the 
( .ihrornia  ( iirrent  region  Irom  approximately  40°N  lo  20°N  sinee  Ik50  aiui  the  l asii-rn 
Iropie.il  I’.ieil'ie  ll  AS!  KOi’AC)  eruises  were  liehled  during  |d()7  and  I'lbX  to  survey  the 
tropie.il  .iiid  subtropie.il  e.isterii  P.ieiliv  Irom  about  25°N  lo  20°S  and  Irom  the  eoasl  west  to 

I3()'\V. 

Ne.ir-surlaee  nulrieni  eoiieentrations  Irom  40°N  to  aboul  35“\  lend  lo  be  low 
liuring  spring  .nid  suminer  but  with  slightly  higher  eoneeiitralioiis  in  the  winter  ( oneentr.i 
tions  ol  30  lag-ai  NO^-N  liter  are  generally  loealed  between  1.50  ami  300  nielers  ol  ilepili 

I igure  A. 2 shows  nitrate  levels  iiiereasing  r.ipidly  Irom  ne.ir  0 jug-al  liter  .it  about  sO  meters 
ol  (Icpili  lo  20-J5  |Ug-.il  NO^  Oiler  al  200  nielers  in  tirea  1 I . 

South  ol  35°\.  near-surf.iee  \()^  eoneenti.ilions  lend  lo  be  very  low,  0 I pg  it  liter 

Ol  less,  l iguies  1 4- 1 7 I Irom  ( Al  ( )l  I .\ll.is.  Kel.  32)  show  the  nitrate  eoneenti.ilions  .it  10 
nieleis  lor  Ihe  tour  seasons.  Ne.ir-shore  eoiieentrations  e.in  be  veiy  high  in  eerl.iin  .ireas 
•dong  the  H.iia  ( alilorma  ami  ( .ilitornia  coasts  during  the  spring  and  suminer  upwellmg 
periods.  ( oneentralioiis  as  high  as  Ui  pg-al/hter  .\()j-N  are  observed  .it  Pi  I ugenia.  27“ 

30'N  and  Pi.  Antonia.  30“N.  both  in  H.iia  ('.ililorma;  .iml  at  < alilorniti's  Pt.  ('oneepln)ii. 
34“30'N  (I  ig.  15,  Kel.  32).  Relatively  high  eoneentiaitioiis  are  observed  olY  San  I'laneiseo 
in  Ihe  tall  ( I ig.  17).  Sonlh  ol  35“N,  nilr.ile  eoncenlialions  .il  Jisi.inees  greater  I ban  S 
kilometers  oH  the  coast  are  eonsislently  low.  1 igiires  IS  ili rough  2 I show  the  season.il 
eoneentralion  ol  NO  ^ at  I 00  meters  ol  depth 

Seasonal  variations  are  not  as  app.irent  as  areal  trends.  Niii.iie  eoneentr.itions  .it 
loo  meters  ol  depth  decrease  lioiii  approximately  25  /ag-at  liter  at  35“N  near  the  coast  to 
about  5 pg-at  liter  .it  35°N  but  240  lo  300  kilometers  larlhei  west,  lo  the  south  there  is 
also  a trend  ol  gener.illy  decreasing  nitrale  eoncenlialions  but  with  higher  values  .it  greater 
depths.  I Igure  A.  I shows  three  proliles  lor  spring  in  area  lOtl  ig.  I ) taken  in  Ihe  vicinily  ol 
27“N,  I I7°W.  Ihe  nitrate  eoneentralion  is  al  undetectable  eoneentr.itions  riown  to.iboui 
50  meters  ol  depth,  but  then  Ihe  eoneentralion  rapully  inue.ises  to  between  7 .ind  22  gig-al 
liter  at  100  meters  oT  depth  and  30  /ag-al,4iter  between  250  and  350  meters  t Table  2). 
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Are;i^  liirllicr  lo  the  west  (region  13,  in  the  north  l\ieilK  gyrnl  w;iter.  1 ig.  I ) show 
low  snrt.iee  eoneentrations  which  increase  to  30  /jg-at  liter  N()^-\  at  ne.ir  430  ineteis  ol 

ilepth  I roin  hiniteil  data,  there  appears  to  he  a season.il  near-sui  l.ue  incre.ise  ol  concentra- 
tion from  w inter  to  summer  ( l igs.  A. 7 to  A.'M  lo  a value  ol  appinxim.ilely  I #Jg-,il  m Ihe 
spring  and  summer 

In  llaw.iiian  ollshore  waters  (area  14.  I’acilic  north  ecpuitorial  region.  I ig.  I I,  near- 
surlace  nitrate  concentr.itions  .ire  .igain  low  (less  th.m  0..3  fig-at  liter)  and  do  not  reach  30 
/ig-.it  liter  levels  until  ,i  depth  ol  helween  325  and  500  meters  is  re.iched  (J  igs.  A. 10  lo 
A.  I 2'  Average  nilrate  levels  lor  ll.iwanan  olTsliore  waters  are  given  in  1 able  3.  I here  is 
little  ui'wellmg  m the  Hawaiian  are.i  except  in  some  very  loc.ili/ed  near-shore  sites;  overall 
the  .irea  can  he  considered  nutrient-limited. 

In  aiea  IK,  the  western  extreme  ol  ( ahrorma  water  d ig.  I ),  nutrient  values  are  low 
111  the  uppei  100  metersdess  than  0.2  pig-at  liter)  d igs.  U.54  through  B.(>l  ) Nitr.ite  levels 
ol  30  pg-at/liter  .ire  reached  at  apiuoxim.itely  300  meters  of  depth.  I'urther  to  the  south 
(3°N  to  15  N)  in  the  North  l iiuatorial  Countercurrent  region  (region  17.  l ig.  1 ).  nutrient 
concentrations  are  again  low  in  the  upper  50  meters,  hut  rise  rapidly  to  hetween  I 5 and  25 
pg-.it  \()^  liter.it  100  meters  of  depth  Helow  I 00  meters,  the  concentration  remains  rel.i- 

tivelv  constant.  a)iproachmg  30  /ag-at/litei  at  250-300  meters  ol  tieplh  hut  in  some  measure- 
ments not  going  aho\ e 20  to  25  pig-.it/liter  .it  dept hs  ol  3 50  mel'’rs  ( h ig.  ,\.  1 3 ).  In  this  area, 
theielore.  little  woulil  he  app.irentiv'  accomplislied  in  uinveilmg  v\a(er  .irdlkialiy  (roiii 
deeper  than  1 50  meters. 

I urther  to  the  east,  (area  l‘<  m the  southern  portion  ol  Ihe  west  Mexic.m  waierl. 
siirlace  conseiilratioiis  are  low  lo  ahoul  31)  meters  ol  depth  ( I igs.  A Ih  lo  A |di.  I here  are 
a lew  high  surlace  values  (hetween  2 and  -pig-alN(C  liter ) during  Ihe  winter  (I  ig.  .\.1(>).  a 

p/ieiiomenoii  whicli  miglil  lie  caused  hy  local  w iml-iiidiK  ed  upweUing  IJelow  30  lo  50 
meters  tliere  is  ,i  very  r.ipid  increase  m concentration  which  reaches  20-25  MS'at  liter  at  a 
depth  ol  100  meters  A nitr.ile  cone eiilr.ilion  ol' 30  pig-.il  liter  is  reached  helween  100  .md 
500  meters  Nili.ile  concentrations  .ire  gener.dly  directly  related  to  (he  temperature  prolile 
(Ihernioclme)  Nutrient  concentration  increases  rapidly  near  the  h.ise  ol  Ihe  thermocime. 
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1 ,ihle  3.  Average  nitrate  concentration  tor  Hawaiian  ollshore  vv.ilers  ( Kel  33). 
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1 or  cx.impk'.  ilumin  tlio  l.ill  iii  .iilm  1‘>.  the  Ihormoelmc  is  lu’tweeii  .^0  .iiul  ‘<0  meters  ol 
depth  ( I i>!  H.77  ) ,iiut  t he  nitr.ite  eoiieentr.it  ion  nipully  inereases  ov  er  tins  i aiige  ( I ig.  -\  I S I. 


Area  20  in  the  I‘em-( i.ilapafios  vv.iter  ( 1 ij;.  1 l is  in  the  e(|n.itorial  re(zion  <2  S to  d N I 
\^est  ol  the  Ci.il.ip.mos  Islands  This  is  an  area  of  intense  natural  npveelhni!  eaiisid  hy  ,i 
strong:  rli\er>;enee  .it  the  ei|ii.ilor  \ehish  .lels  to  hrini’  v^  .iter  ol  low  temper.iture  anil  Inuli 
nntrieni  eoneenir.ition  to  the  siirlaeo  ( Kel.  2‘>i.  I ifriires  22  throiifjli  25  show  nili./te- 
nitrogen  le\els  lor  winter  and  siiniiiier  .it  .i  depth  ol  10  and  100  meters  I'or  a major  portion 
ol  the  eastern  Iropie.il  P.ieilie  I Rel.  22l  ren-meler  nitr.ite  eoneenl r.itioiis  are  hiphly  elev.it- 
ed,  .iver.iftinj’  iH'tween  X /j_e-.ii  NO>/liter  (winter.  I ig.  22l  and  10  /iti-at/htei  (summer.  I it> 

2.').  Hie  ei|n.itori.il  upwellni}>  re^iion  extends  Irom  the  Peruvian  and  l eii.idori.iii  eo.uts 
( Irom  .ihout  I 2°S  to  the  ei|uator)  and  m the  westerly  direetion  to  at  least  1 50“\\  ( I if!s.  I , 

22.  and  25).  In  rejiion  20.  lOiJ-nietei  nitr.ite  levels  avera{;e  Irom  15  to  25  /Jg-at  liter  lor 
winter  (l  ig.  24)  aiul  summei  (1  ig  25).  (dneentiations  as  high  .is  40  pig-al  liter  are  ohserxed 
southeast  ot  the  (i.ilap.igos  ( X \ X6°U  ) during  the  w inter  months  ( l ig.  24).  I'lgures  A. 20 
through  A. 24  gi\e  nitr.ite  eoneentration  protiles  for  area  20  lor  the  tour  seasons.  Siirtaee 
eoneentrations  are  variahle  hut  high  (maximum  ot  14  /jg-at/'liter  in  summer,  l ig.  A. 2 I ).  He- 
>..iuse  of  the  upwelhng.  surl'.iee  temperatures  .ire  signiOeantly  depressed  ( 1 igs.  4 and  1 0); 
during  the  summer  and  l.ill  mean  temper.itures  are  h°  to  7°C  lower  in  region  20  (lian  m 
region  1 4 i Append iees  U .ind  ( I Kedueed  temperatures  and  mereased  nutrients  m the 
n.itiir.il  upwelhng  /ones  would,  ol  eoiirse.  allow  lor  nuieli  redueed  arliHeial  upwelhng  rates 
.iiid  possibly  eliminate  the  need  lor  upwelhng  eompletely  . 

In  summary,  nulrieni  eoneenlr.ilioiis  ni  the  surl.iee  waters  ol  the  eastern  P.ieilie 
O.  e.m  .ire  highly  vari.ihle  ( oneenli.itions  of  niti.ite-nitrogen  are  usually  higher  over  the 
.oiitineiit.il  shell  heeaiise  ol  los.ih/ed  upwelhng  .mil  iiure.ised  inilrient  input  Irom  terrestrial 
runolt  (lenerally.  nitrate  eoneentration  deereases  m a westerly  direetion  and  the  isonutii- 
eni  depths  increase  l or  example,  m regions  I through  4 the  .OJ  /ag-at/liler  NO:;  depth  is 

between  200  .md  .0)0  meters,  m region  IX  it  is  250- .0)0  meters,  and  near  Haw. in  (region  14) 
il  Is  .'25  ^00  meters  I he  trend  is  similar  Irom  north  to  south:  there  are  higher  surtaee 
eoneentrations  seasonally  north  ol  .'5  N In  more  tempeiate  waters  i south  ot  .)5  N to 
.iboiit  ^ \ ) surl.iee' eoneeiitr.ilions  ot  nitr.ite  lire  gener. illy  below  1 jug-al  liter  and  lrei|uenlly 
behiw  the  level  ot  deteelion.  In  the  ( osta  Kiea  Dome  .md  equatorial  iipwellmg  regions, 
siirbiee  nitrate  levels  run  as  high  as  X to  10  /ag-al  liter  anil  re.ieli  levels  ol  20  to  25  /ug-.it/liler 
III  the  upper  I 00  meters 

Ml  II  OKOI  (X.Y 

I he  meteorologie.il  par.imeters  of  greatest  signirieanee  to  Ol  l b.  probably  are  wind 
veloeily  .mil  dui.ition  Severe  storms  with  high  veloeily  winds  cause  high  waves  and  in- 
ere.ised  current  speeds,  which  m turn  can  eieate  mereased  stresses  on  siibsti.ite  struetures 
.md  kelp  plants.  Hee.iuse  wave  heights  .ind  periods  aie  related  to  wind  speed,  wind  .md 

storm  eharai  teristies  are  considered  in  this  section  I he  ocean,  .is  .i  liquid  medium,  is  great-  ' 

ly  inriueneeil  by  severe  storms,  .md  siting  ol  .ni  Ol  1 1 in  an  are.i  ot  nimmial  storm  activ  ity  is 
more  than  likely  important  lor  its  eeonomie  success  and  survival.  It  is  probable  th.it  lutute  | ^ 

technology  will  allow  placement  ot  the  l.irm  in  areasirl  liigh-storni  trequeney  Init  the  resiilimg  | j 

higher  costs  may  dictate  seleetion  ot  .ire.is  ot  low-stoini  tiequeney  .md  severity  t 
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rropiciil  ;iiul  l-.\lr;itropical  Cyclones 

Iropn.il  cyclones  develop  in  llie  vicinily  ol  15°  lo  20°N  ,nui  neat  20  S l.itilnde.  In 
llie  northern  Iteniispliere.  tropual  stoinis  and  iiumcanes  evolve  Iroin  tropical  cyclones 
wIikIi  Inive  tiroscn  trom  loss  level  distuihances  orifiinat  in;;  in  the  mlertropu al  conveifience 
/one  (l(  /(,  an  area  where  northeast  anil  southwest  trade  winds  meet  (5°  to  10  N).  I ifuire 
2('  >!i'es  the  average  miinher  ot  cyclones  per  5-degree  sipiaie  per  year,  and  the  principal 
se.isim  lor  storm  activity  is  also  given  lor  each  region.  Large  are.is  oil  the  east  coast  ot  the 
I'nited  States  and  the  e.ist  coast  ol  Asia.  Australia.  India,  and  Madagascar  .ire  characteri/ed 
hy  lelatively  trenuent  tropie.il  cyclones.  Oil  the  east  coast  ol  the  U S there  is.it  least  oi.e 
tro|uc.il  cy  clone  per  year  per  5-degree  sipiare  as  tar  north  as  42°  I I'ig.  2<y  I.  due  m part  to  t he 
mlluence  ol  the  w.irin,  northerly  moving  (iull  Stream.  In  the  area  ol  study  le.istern  P.icilicl. 
the  region  ol  cyclone  Ireiiuency  greater  than  or  eipial  to  one  per  year  jier  5-tlegree  sipiare 
only  extends  to  27‘  N because  ol  the  cooler  Cahrornia  Current  water  moving  south.  Lhe 
greatest  lrei|uencv  ot  cyclones,  however,  is  m the  eastern  tro|iical  P.icilic,  where  it  reaches  a 
me.m  ol  six  pet  year  per  5-degree  sipiare  in  the  vicinity  ol  lt)°N,  I lO  W ( I ig.  2n.  Ret.  54), 

In  the  eastern  I’.kiIic.  tropical  cyclones  generally  occur  in  the  period  .lune  through  Octobei. 
with  the  greatest  treipiency  occurring  during  .September. 

I he  various  si.iges  ol  troi'ical  cyclones,  as  well  as  other  meteorological  d.ita,  are 
given  III  .Api'eitilix  I),  l igure  I).  I shows  the  areal  distrilnition  plus  Ireipiency  and  speeii 
st.itistics  lot  cyclonic  winds  of  IK  m sec  (.^4  knot  I or  greater  (g.ile-lorce  winds)  lor  5-degree 
sipi.ires  111  the  northeastern  Pacilic  During  the  22-year  period  ol  record,  there  was  only  a 
single  tropical  cyilone  in  the  vicinity  ol  San  Diego  (4  percent  probability  of  occurrence ) 
whereas  in  the  sipiare  I 5°  lo  2D' N and  I05°  to  | |()°V>  there  were  lUP  such  cyclones,  lhe 
Ireipiency  and  disiribulion  ol  tropical  storms  ( with  winds  ol  25-.^2  m.'see  or  4K-(),^  knots) 
and  hurricanes  I vv mils  ^ 3. ^ im sec ) are  given  in  L igs.  D.2  .mil  D.3 , respectively. 

Ligure  27  shows  the  maximum  extent  and  mean  tr.icks  ol  both  tropical  and  exir.i- 
Iropical  cyclones  tor  the  norlheastern  I’acdic.  .Most  tropical  cyclones  originating  southwest 
ol  the  area  ot  maximal  cyclone  Ireipiency  ( mdic.iteil  by  crosshatched  hue)  move  vvest- 
norlhwestwaril  and  reach  as  lar  as  1S()°.  Lhe  maximum  northerly  extent  of  tropical 
storms  with  winds  ol  IK  m sec  or  greater  is  .ipproxim.itely  35°N  I lurricane-lorce  storms 
(wiiulsi*  33  m/see.  in  the  period  ol  record)  h.ive  not  extended  beyond  30  N (322  kilome- 
ters south  ol  San  Diego)  anil  have  reacheil  the  southern  portion  ol  the  ll.iwaiian  Isl.mds 
d ig  27). 

During  autumn  and  early  winter  the  eoohng  ol  the  Asiatic  conimeni  anil  adjacent 
seas  slreiigtheiis  the  surlaee  temperature  gradients  and  the  polar  trout.  I his  cooling  trend 
and  an  inteiisirication  ol  the  jet  stream  aloH  leads  lo  more  Ireipieiil  rormalion  and  greater 
developmeiil  ol  extr.ilropical  cyclones. 

I he  usual  exlralropical  cyclone  li.ick  is  east  lo  soulheasi  (I  ig.  27).  Ihe(iult  ol 
.Alaska  is  Ireipieiiled  by  more  exlratroincal  cyclones  than  any  other  region  ol  the  north 
I’acitic.  I heir  maximum  Ireipiency  and  intensity  is  attained  during  early  and  midille  winter. 
Oil  the  west  coast  there  are  lewei  than  one  exlralropical  ey clone  pei  5-ilegree  sipiare  (dur- 
ing l ehruary)  south  ol  ap()roximalely  44°N.  I he  intensity  ot  exlralropical  cyclones 


doi.ro.iNOs  111  .1  vniihoiK  dirootion  I lio  m;i\iimim  miuI  horly  niiif’o  of  oxiratropk  ;il  oyolonos 
( witli  \uiuIn  ol  ’ 1 S Ml  sooiiN.ilioui  N 

\Sinds 


liopio.il  .nut  oNtr.iliopK.il  oyolono  intoiiNilU's  .iro  rollootoil  in  surtaoo-wiiul  \olooitios 
III  llio  noriliorii  poition  ol  llio  siiivoN  ,iroa  maxim.il  siiilaoo  winds  oooni  in  \o\onihor  and 
Dovomhoi  .ind  >:onor.iil\  blow  Irom  llio  sonlinvosl.  l ijinros  1)  4 lhronj!li  D.7  invo  wind  dal.i 
lor  Ilio  norlliorn  portion  ol  llio  snr\oy  aroa  and  show  porooni  froipioiioy  of  wind  spood  and 
diroilion  lor  5-d.’j:roo  sipi.nos  for  lour  monllis  roprosontalivo  (4  soasoiial  wind  i liaraolons- 
I k s.  .1,11111,1  rv.  April.  liiU.  and  \o\onihor.  ros|iool ivoly.  lininit;  Novoiiibor  ,ind  Doooniboi  in 
llio  .iro.i  bolwoon  40  ,iiid  s()  N llio  livipionov  of  galo-foi oo  winds  O 14  in/sco)  can  bo  as 
liitili  as  .^0  lo  .'5  porooni  I ijiuio  shows  iho  poiooni  of  snriaoo  winds  of  Moaiilorl  loroo 
■ .?  (5  111  sool  and  '‘S  1 I 7 111  sool  in  Iho  norlliorn  portion  ol  iho  snrvoy  aro,i. 

l or  Novoii.bor  Ihoro  is  ,i  bro.id  rofiioii  of  nia\ininni  fro(]nonoy  of  siroii)>  winds  w horo 
firojlor  than  poiooni  ol  Iho  Iniio  winds  of  >IX  iii  soo  woro  obsorvod  norih  of  approxiinato- 
1\  41)  \ Ihoso  Iroipionoios  dooioaso  to  iho  south.  ( onvorsoly.  light  winds  l<5  in 'sool  aro 
iiiosl  froipiont  noaishoro  with  dooroasing  porooni  ago  Iroipionoios  lo  Iho  norih  and  wosi  llio 
,iro,i  of  ni.ixiniiini  froipionoy  ol  light  winds  and  niiniimini  Iroipionoy  of  galo-toroo  winds  is 
oil  soiiihorn  ( alifornia  and  norlliorn  H,ii.i  ( ,ilifornia  ( S°N  i.  whoro  light  wnuls  provail 
,sO-ii()  porooni  of  Iho  Iniio  ( I ig.  2X I I ighi  w iiiils  also  provail  ,ilong  Iho  oo,isi  of  ( ,inaita 
thronghont  most  of  tho  yo,ii 

Mill-  ,ind  l,ito-wnitoi  bring  ,i  giMilual  roduolion  in  moan  siiilaoo  wind  spood  and 
o\  s lono  lioipionov . bs  I obrikiry.  avorago  w iiid  spoods  .no  gonoralK  hnvor  ( ')- 1 U m soo  i in 
Iho  northorn  .ind  oontr,il  portion  of  t ig.  2H.  I lioio  is  a gonoral  doolino  in  avorago  spoods 
iow,ird  tho  aniui,il  minimum  in  Inly  or  Aiignsi.  Mniimum  ,ivor,igo  spoods  in  most  ol  Iho 
ipiadraiiglos  v,iry  bolwoon  4.‘>  ,iiul  ti  m sos  during  tho  summor  months,  with  somo  moroaso 
ooourring  in  tho  sonthoasi  sootion,  south  ol  40°N  I ho  rovorsal  ol  ohmalk'  Ironds  inili.ilod 
ovor  Iho  northorn  p.irt  ol  iho  aroa  during  tho  laltor  pari  of  August  s(iioads  rapidh  and  o.uisos 
.1  in.irkod  ilk  ro. ISO  of  wiiul  spoods  .mil  lioipionov'  ol  galos  lo  noarly  all  ol  Iho  .iroa  oxoopi  tho 
soiilho.ist  oornor. 

In  Iho  southorn  portion  ol  Iho  survoy  aroa.  wind  spoodsaro  gonorally  loss  than  llu'so 
111  Iho  northorn  portion,  i ho  trado  winds  dorivoil  Irom  tho  norih  anil  south  I’aoilio  siibtropi- 
lal  high-jirossiiro  oonlors  aro  tho  piodomni.ml  f.iotoi  in  Iho  aroa  ,fU  \ lo  tho  oiiualoi.  I ig- 
iiros  D.H  to  I)  1 I givo  tho  poiiont  froipionoy  of  wind  .pood  and  dirootion  for  Iho  soulhoni 
portion  of  Iho  survoy  aroa  I ho  Ir.idos  .iro  oxooplion.illy  sto.idy  winds,  oomo  Irom  tho  norlli- 
oasi  111  all  so.isoiis.  and  ovorho  tho  rogion  oxionding  from  .^0°N  lo  tho  inloriiopio.il  oon- 
voigoiioo  /ono  ( l(  /)  at  .ip|iroxini.iloly  10  \ .Mo, in  irado  wind  spood  is  no,irl\  H m soo 
South  ol  this  rogion.  ihosoulhoast  Irado  winds  piodomni.ito.  mtorsooling  with  Iho  norlhoasi 
ii.idos  at  tho  K / I iguro  2‘>  givos  Iho  porooni  lioipioiiiv  of  winds  lioaiiforl  foroo  4 l.'v 
m sot ) .Hill  ( IS  in/sool  for  I obruary  .iiid  .August 

111  tho  oo.islal  aroas  north  ol  lO^N.  inlriisions  ol  .lir  Irom  Iho  Canbbo.in  and  Iho  ( lull 
ol  Moxiio  aro  ooriimon.  I ho  rnoro  than  1 (unooiil  lioipioiioy  of  g.ilos  (Hoaiifort  loroo  S)  olf 


Miutliorn  VK-xico  ;iiul  C.u.itcnuila  m 1 chruarx  .iix’  xauscil  hy  iioillioily  wiiiils  liom  the  ( anli- 
heaii.  I hote  ate  larfte  regions  m the  southeastern  poilioii  ol  the  area  where  there  is  gieater 
than  SO  (lereent  rreiitieiicx  ol  wimis  eijual  to  or  levs  th.iii  5 ni/see.  1 his  aiiiJ  othei  areas 
wliere  there  are  a high  pereentage  ol  light  wimis  are  generally  out  ol  the  inaior  inlluenee  ot 
the  tiaile  wnuis.  In  the  areas  where  tiaile  winds  are  strong,  light  winds  usually  represent 
onl\  10  to  .d)  peieent  ol  the  total.  .Although  high  veloeitx  winds  are  not  eoinmon  to  most 
ol  the  are.i.  huri k ane-loiee  wiiuls  (J*  .^3  in/see)  CiUised  liy  strong  Iropieal  eyelones  have 
heen  repoiterl  ,is  lar  north  as  30°.S  (oiite  in  o years)  aiul  more  lre(|uently  south  ol  M.ija 
( ahrorma  in  the  vieinity  ol  20"N.  I I 3 'W  ( I 2 limes  m six  years)  and  to  the  west  lowarils 
I l.iw  ,m  (I  igures  ( > through  ( '.X  l U md  veloeilies  m these  a re, is  in  exeess  ol  50  m/see  have 
heen  reporteil  t(>2  in  see  wiiuls  were  me.isured  m lluriieane  .\l,iggie.  4S0  kilometers  south  ol 
llaja  ( alilorma  m 1074,  Rel.  44).  Strong  loeal  winds  are  IreiiuenI  during  the  winter  m the 
( III  1 1 ol  I elui.mleiH'e  ,md  .dong  the  Cenlr.il  Ainei  lean  eoast  ( I 7°N  to  ).  I hese  winds 
reaeh  gale  strength  dm  mg  periods  ol  high  pressure  over  the  Carihhean  and  (lull  ol  .\1exieo. 
l.oeal  nearshore  gale-toree  winds  assoeiated  with  violent  thunderstorms  are  relatively  eom- 
mon  along  the  west  eoast  ol  \lexieo  and  ( entral  Ainenea  during  the  summer  months. 

1 igure  .0)  gives  a summ.iry  ol  environmenl.il  dat.i  lor  the  eentral  northeast  Paeitie. 
inelikimg  pereent  Ireiiueney  ol  wiiul  veloeity  > I 7 m/see  lor  two  Oeean  \Veather  St.itions 
tows  140°\V.  and  OWS  1’,  50A.  145  \V  ) and  four  nuadrangles  in  hetween.  Hie 

value  ol  the  OW  S data  is  that  the  weather  ohserv.ition  ships  were  eontinuously  m.mned  In 
prolessional  ohservets  lor  over  twenty  years  tmeluilmg  periods  oT  severe  weather).  Other 
data  sourees  are  usu.illy  trom  ships  ot Dpportunity  and  have  a Ian  weather  hias  Iveeause  most 
ships  tend  to  avoid  had  weather  I Kel.  27).  It  is  apparent  Irom  l-ig.  30  that  there  is  a marked 
red  Ik  tion  m I reiiueney  ol  gale-loree  winds  I rom  OW  S 1’  soul!)  to  OVV  S N . At  OW  S I’  gale- 
loree  wimis  oeeur  more  than  10  pereent  ol  the  lime  during  .lanuary  through  M.ireh  .iml 
Oetoher  ihroiigh  Deeember.  The  i^eak  months  are  Novemher  and  l)eeemher  where  gale- 
toree  winds  blow  over  20  pereent  ol  the  lime.  .At  OV\S  N.  winds  ol  grealer  lhan  17  m see 
oeeur  near  I pereenl  ol  the  lime  m January.  1 ehru.iry,  and  Deeemher  and  oeeur  larelv.  il 
ever,  hetween  June  and  September.  .Areas  1 through  4 show  intermediate  Irequeney  sirue- 
lures.  I Igures  3 I ami  32  are  monthly  persisienee  gr.iphs  ol  gale-loree  wiiuls  loi  OWS  N and 
I’  These  graphs  depk  I the  eiimulative  pereent  treiiiienex  ot  hours  oT  diiralion  oTihe  event 
I winds  > I 7 m see ) eipiat  to  or  less  than  the  niimher  of  hours  interseeied  by  the  solid  eurxe  . 
.iiul  ,ilso  depiet  days  interval  between  events  equal  to  or  less  lhan  the  number  ol  days  inter- 
seeled  by  the  broken  eiirve. 

At  OWS  N winds  of  17  m/see  or  greater  are  ol  short  duration,  and  there  is  generalK 
a long  (leriod  oT  time  between  the  events  I here  are  ver\  lew  winds  ol  high  veloeity  during 
M.iy  and  Oetoher.  At  OWS  I’,  winds  ol  I 7 m/see  or  greater  are  not  uiieommon  during  ,in\ 
month;  the  longest  duration  ot' event  ,ind  shortest  period  between  events  oeeiirs  January 
through  April  .ind  September  through  Deeember  d ig.  32).  I'ersislenee  graphs  ol  low- 
veloeily  winds  1^2.5  m/see)  will  give  an  estimate  ol  total  wind  energy  av.nlable  il  wind 
(lowered  energy  sourees  are  eonsiilered  Tor  iipwelhng  apparatus.  I'lgures  33  and  34  present 
persisienee  graphs  Tor  wimis  ,^2.5  m/see  Tor  OWS  N and  I’,  respectively . 

In  summary,  the  most  severe  persistent  winds  are  in  the  northern  portion  ol  the 
survey  area  and  Treqiiently  are  associated  with  exlratropieal  storms  in  the  lall  and  winter. 


I li>:h-wiiHi  \i'loatK's  .m.'  not  uiKommon  notlli  <>l  I1111  ili’iio.isc  si}>mlu ;intly  in  Iroiiian- 

c\  in  sonllu'i  n ( .ililornin  ^^.ll^,'rs  I lu’ sonilui  n ri'yinn  ol  Inis  stonily,  I’loilomin.iio 

Ir.iilo  \Mmis  ,i\or,ii;in>;  5 in  lO  m soo.  Mowing:  Irom  tlio  noiilionsi  in  Iniiltulos  5 ' In  25  N nml 
Iron)  till' s(>uiIh’;is!  |0  Slo‘'  N ( too.ision.il  Imih-volooil \ w jiuls  .issoi  i.iloil  with  looni  ,u  tivi 
t\  Ol  troi'K  ,il  oyolonos  ,iro  obsorvoil  .ilouf:  llio  onnsis  ol  ( onlrnl  .\inorio;i  .mil  \lo\ioo  ( Mlior 
.no.is.  p.iriK  iikiily  llio  noi  tliorn  H.ii.i  .mil  sinilliom  ( .ilitornni  oo.isi  ,il  l.iiiiiiilos  20  lo  5‘i  N 
lni\o  voi\  low-\olooii\  winils  lonU  i.iroK  ilo  thoy  nuronso  iihovo  I 7 m sooi 

\Mnd  (K*iuT;iloil  OoiMii  \\ lives 

Ooonn  w.ivos  ,iro  oonsaloro.l  lioro  ;is  p.iii  ol  the  molooroloi;ii.Ml  ilnin  lioomiso  iionrK 
.ill  nonr-surl.ioo  unvos  ,110  \vind-{:onor;iloi.l  ;nul  ;iro  ilirootly  rol.iloil  to  vmiuI  \olooity  .mil  ilur.i- 
iion  \n  oxooplion  woiilil  ho  llio  o\iromol\  r.iio  lnl.il  wnvos  I isiiinimis  1 eonornloii  hy  soismio 
ilisinrhiinoos  or  volonnio  oruplions.  (,)inmtii.ilivo  v.iliios  tor  \v;i\o  lioielil  Ilho  vorlio;il  tlisUiiKo 
hot\voon;i  \v;i\o  orosi  .mil  llio  pioooilmj:  ironirh ) niul  |ionoil  (loniilh  ol  nmo  holwoon  siiooos- 
sivo  orosisl  Inivo  hoon  osi.ihlishoil  ;is  ;i  lunoljon  of  vvnul  spooil.  lotoli  lilisinnoo  wliioli  tho 
wind  Inis  himvn  ovoi  wnlori.  diir.ilion  ol  llio  wind,  .ind  doo.iy  disi.moo  Idisl.moo  llio  w;i\os 
li.ivo  proprossod  Irom  llio  nro.i  oT  ponointion  I.  .Mllunipli  ooo.in  wiivos  .110  ponor.ilod  .is  .1 
diroot  result  of  wind  iiolion.  oihor  \;iri;ihlos  suoli  ;is  oiirronls,  hoilom  lopopnipliy.  :ind  loo:il 
winds  .illool  llioii  m.ipnitiido  ;md  diroolion 

W.ivo  ilnt.i  lire  ponor.illy  ohsonod  .isoitlior  “so.i"  I w.ivos  eononiiod  hy  loonl  wiiidsi  or 
"svvoir'  iwnvos  wliioli  Irnvol  hoyond  llioir  snmoo  ropioiisi  Tlio  ohsor\ od  w;i\o  lioiulil  is 
iisii.ilK  lormoil  llio  "sipnil lonnl  hoiplit"  .md  isdotiiiod  .is  tlio  mor.ipo  \;iliio  ol  llio  liipliost  one 
lliird  ol  .ill  wiivos  ohsorvod  m ;i  pivon  w.ivo  ir.iiii,  "iMioino  wnvos"  .iro  ipiilo  i.iro  ,ind  oooiir 
when  two  or  more  very  liipli  wiivos  oomo  lopotlior  m oonstruolivo  pluiso.  I \lromo  w.oo 
lioiplits  lire  ilisoiissod  in  llio  J xiroino  \Ioloorolopio;il  D.itii  Soolion  ;ind  ;iro  dormod  hy  I lioni 
I Kol  .^1 


1 Mronio  Wave  lioiplii  = l.h  X SipnilH.mt  \V.i\o  lloiplii 

I ipiiro  35  pivos  an  ompirio.illy-dornod  iiir\o  ol  siisi.niiod  wind  speed  voisiis  sipnirioanl  wave 
hoiplil  tor  moroasinp  and  dooioasinp  wind  ropiiiios.  I lie  lipuio  indio.ilos  llnit  lot  dooroasino 
winds  the  sipnilu.ini  w.ivo  lioiplil  will  ponorally  ho  liiplior  hoo.niso  ol  the  lonpor  period  ol' 
lime  lli.il  the  wind  li.is  hlown  l lio  riplit  side  ol  1 ip  35  thus  donioiislr.ilos  a “I'ully  .irison" 
SO.I  lilio  lolal  onorpy  possihlo  Irom  .1  wind  li.is  hoon  tr.inslatod  lo  w.ivo  onorpy  I.  This  lipuio 
s.in  ho  used  lo  dorivo  .ippio.xim.ilo  v.iluos  o|  sipnilioaiit  w.ivo  lioiplils  liom  llio  wind  d.ii.i 
pivon  III  llio  provimis  soolion. 

Uavo  poriod  is  hiplily  import. ml  .is  .in  oiipmoorinp  oonsidoralion  hooaiiso  il  oontrols 
tlio  depths  roaoliod  hy  pivoii  traotions  ol  the  w.ivo  nioiion  I .implitiido  .iiul  volooilyi  I ipuro 
3o  shows  Iho  alloniialion  ol  wavo  motion  with  depth  pivon  Iho  period  ol  tho  w.ivo  l or 
oxamplo.  Iho  motion  ol  a wave  wilh  a (i-sooond  poriod  is  50  poroont  .itioiuialod  .il  .ihoiit  4.5 
motors  ol  doplh  and  hooomos  msipnirioani  (4  |voroonl  ol  siirl'.ioo  w.ivo  oiioipy  roiiiainmp)  al 
2fi  motors,  while  a I 2-sooond  wave  is  50  porooni  .itioiuialod  .it  23  molors  and  hooomos  insip- 
nilioanl  al  I 10  molors.  (Note  Uavo-indiiood  drap  loroos  si.ilo  w ilh  tho  sipniio  ol  Iho  wave 
motion. ) 


I iciiros  37  to  40  t;i\c  pci^cnl  I ici|iK-ni. y ol  w.ivo  iK'iiilil.  pciiod.  ,iiul  w:ivi.'  iliK'iIion 
tot  uiiiioi  I l.in-M.n  ),  spniij;  ( \pr-.liini.  Mimmi’i  ( liil-Scpi,  .mil  l.ill  (( )i  i-Dci.  i.  n.-spoi  livi-l\ . 
lot  i1k- not  Iliciii  M.-1-toi  (30  to  43  Ntol  On.' sur\i'\  .lU'.i  Diinnt:  llu' winter  lnollIll^  tin,' 
Iu’ipK-ni.v  ot  lujth  SIMS  (-*3.7  meleisi  meie.ises  tiom  south  to  north  .iiul  Irom  e;ist  to  west, 
sliowiii).'  .1  ni.iMinnm  ol  13  peieent  in  the  northwest  .iiul  n miiuimiin  of  .ihont  2 percent  oti 
southern  ( .ihlorni.i,  I he  prec.iihnj’ southwest  to  west  wimls.  leneetint;  the  steep  pressure 
jtt.iiheni  between  the  Aleuti.m  low  .iiul  the  notih  I’.ieilie  lug’ll,  ^-enei.ite  hitih  Ireiiueneies 
(>30  percent  I ot  scms  1 3 meters  or  hijiher  m the  west.  1 hese  cleerense  suhsl.int Killv  tow.iiils 
the  cMst 

l)urm>;  M.iy . se.is  ol  13  meters  or  hiiiher  .ire  .it  .i  m.iximum  lrei|ueney  (ne.ii  3(J  per- 
eenii.it  30  to33  \ .iiui  1 20  to  130  1 he  summer  months  represent  the  peiioci  ol 

lowest  se.i  st.ite  lot  the  entire  me;i.  lloveever.  the  w intei  treiui  is  reversed . the  w .ive  heitthts 
tend  to  mere.ise  shjihtK  tow.iid  the  e;ist  w ilh  the  .ire.i  ol  m.iximum  lrei|uene\  ol  I 3 meters 
or  irre.itei  se.is  hein.t:  loe.ited  .ihout  33  to  40  N .ind  123  l<>  130  U.  VV.ivesol  3.7  meters  or 
hijrher  .ire  observed  with  lrei|ueneies  ol  2 pereeni  or  less  in  nil  .ireas  Durmt!  the  hill,  the  se.i 
st.ile  beiiins  to  mere.ise  toward  wmtei  v.ilues. 

U.ive  liei>;hls  ol  .it  least  I meter  will  proliablv  be  nccessai  v lor  w.ive-powered  pum(  s 
ol  economic. d si/e.  I ijiures  4 I and  42  ime  persistence  (ii.iphs  lor  w.ive  heijihts  ol  1 metei  or 
iuealer  at  ( )U  S N and  1’,  respectively  (see  I ig.  30  tor  map).  I hev  give  percent  Irequeiicies 
ot  the  dui.ition  ol  events  .md  days  mleival  between  events.  ,\t  both  vve.ither  stations  theie 
IS  a m.iximum  ot  .ipproxim.itely  3 days  between  events  i 100  percent  ol  the  w.ives  [ metei 
were  tollovved  by  another  such  condition  within  3 days). 

1 he  nied).in  duration  ol  waves  > 1 meter  is  about  30  hours  m the  sumniei  and  ovet 
200  hours  111  the  winter  at  OWS  \,  and  24  hours  both  sunimet  and  vvmtei  lor  ()\VS  I’  I ig- 
ures  43  .md  44  give  persistence  gr.iphs  tor  high  seas  (i*3  meters)  lot  OUS  N .md  i’.  lespee- 
tively  At  OW.S  N waves  s#3  meters  are  tare  or  nonexistent  dining  M.iy  through  Septembei. 

I he  rare  occiirreiic'e  m .August  is  probably  due  lo  oecasion.il  tiopie.il  eyelones  Diiting  lall 
.md  winter  Itie  median  duration  ol  higli  seas  is  between  (>  and  12  hours  .md  the  median 
interval  is  between  X and  lb  d.iys.  l ot  OUS  I’,  high  seas  are  mote  liequent.  with  the  inedi.m 
diir.it ion  being  simil.ir  1 ()- 1 2 hours i.  but  t he  medi.in  iiiterv .il  is  reduced  to  I to  2 d.iy  s m 
winter  oi  hill  .md  40  lo  4X  d.iys  m sunimei  1 .lime.  Inly  ). 

In  the  soulheiii  poition  o|  the  survey  area  sea  .md  swell  are  e.iused  by  the  noithe.ist 
li.ide  winds  During  winter  and  hill  these  winds  blow  Irom  3“  to  23“N  .md  during  spring 
and  summei  they  blow  Irom  10  to  30  N Southeast  trades  .ire  import.mt  in  producing  se.i 
.ind  swell  III  the  southe.ist  section  duimg  s|irmg  .md  summer. 

I he  Irequeney  ol  seas  gie.iter  than  or  eqtial  to  1 3 nieteis  m height  is  gener.illy  great- 
er in  the  western  portion  ol  the  survey  area  because  ol  the  long  northeast  letch  I igures43 
and  4()  give  the  percent  Irequeney  ol  wave  height,  period,  and  direction  ch.iraeteiisties  lor 
wiiitei  .md  summer  loi  the  southern  (lortioti  ol  the  survey  area  Irotii  30“N  to  0 During 
the  wmtei  .md  spring,  seas  .ire  norm.illy  Irom  the  northeast  South  ot  3°N  the  seas  .ire 
gener.illy  Irom  I he  soiit  heast  lo  east  because  ol  the  soiitheasl  trades.  1 he  seas  Ivecome  calm- 
er .IS  the  co.ist  IS  .ipproached . with  the  southeast  being  the  calmest  portion  due  to  the  short 


norllu'.isi  leKh.  ;ihou|  I 0 |H'i\omI  oi  iIk'  waves  are  > 1 5 meters  as  eninpaied  to  tit)  peii  en' 

111  the  northwest  eorner  1 1 ig  45l.  nil’ll  seas,  ,V7  meters  or  fire. iter,  oeeui  les>  treiiiieiitK  m 
the  southwest  than  t liroufilunit  most  ol'  tlie  northern  seetion,  I he\  oeeiir  fienei.illy  less  ih.in 
2 (lereeiit  ol  the  time  hut  .ippioat  h It)  pereeni  in  two  (|iiailrats  i It)  to  20°N,  1 2U  to 
l,M)°\V  ,iiul  20°  to  4l)“\,  l.0)°  to  14t)°U  ) Sumnu'i  fiives  the  most  northeily  arhaiue  ot  the 
southeast  tiades.  to  It)  \ I rei|iiene\' ol  I ,,‘i-meler  or  fiiealer  seas  \ ai  les  Imm  a inaMiniim 
ol  ,ihoiit  45  pereeni  m the  northwest  to  ,i  minimum  ol'  I ^ peis  enl  m the  soiilheasl  .Se.is  ol 
,v7  me'eis  .ire  rare  m tlie  20°  to  ,^0°N  refiion  hut  ,iie  shfililly  more  eoinmon  in  the  1 1)  to 
20  \ ie,iiion  line  to  the  trofiie.il  ev  ilones  ( l ig  4(i  i whuh  oes.isionalK  oe.  in  m that  lefiion 


In  summ.irv , >ea  st.iles  aie  fienei.illy  hifiher  at  points  lurlher  Irom  the  eo.isl  I west  i 
.iiul  .It  the  hifilier  latitudes  Inorth).  I .ill  .iiid  winter  show  the  liifiliesi  sims,  and  simimei  is  ihe 
..almest  se.ison  eseepi  lor  oee.isional  Iropieal  eyelones  through  Ihe  southe.islern  seilion. 


Siimmarx  ol  Meleorologieal  Data 

Wind  .iml  vv.ive  d.ila  lor  Ihe  siiivex  area  were  re(|uesled  Irom  Ihe  Naval  We.ilher 
Seruee  Detaehmeni,  N.ition.d  ( hm.ii u ( enter,  Ashexille,  Noi  ih  ( .irolm.i  I .ihle  4 is  .i  sum- 
m.irx  ot  these  d.il.i  .md  presents  monlliK  mean  .iiul  ')*)  5 pereeiilile  wind  sfveds  and  wave 
heights,  Ihe  I'eri  eiitile  ol  I X m see  winds,  ,iiul  an  .innual  w.ive  peiiod  disirihulion.  I vents  ot 
')').s  pereeniile  indieate  lh.it  0..‘s  pereeni  ol  the  time  t.V5  hours month  I,  during  .inv  given 
month,  the  event  will  oeeui  at  or  giealer  th.in  Ihe  level  mdiealed  I he  .ireas  ol  the  meleoro- 
logie.il  survey  .ire  shown  m f ig.  47  1 he  are.is  dehne.ileil  are  equiv.ilent  to  those  oee.ino- 

gr.iphie  survev  ipuidr.ils  m I ig.  I .is  iiulie.ited  In  the  nuinher  in  the  lowei  right  li.iiid  . ornei 
ol  e.ieh  .ire. I.  \re.is  5 and  P h.ive  the  lowest  me. in  wind  veloeilies  (4  to  > m set  in  wmlei 
nul  4 to  (i  m see  in  summer ) and  h.ive  m.mimim  wind  veloeil  les  during  siimmei  ol  I o .nul  1 4 
in  see.  respeelivelv  . \re.i  5 is  suhieel  to  Iropie.il  evi  lones  during  l.ite  summer  .nul  e.irlv  I.ill. 
whuh  evpi.ims  Ihe  elevated  snmmei  veloeilies.  Are.i  4 h.is  Ihe  highest  mean  (O-.S  m sei  i ,md 
O'). 5 pereeniile  t l')-2(i  m/see)  wind  veloeilies  I his  lepresenls  the  .ne.i  noith  ot  I’omI  ( on- 
eeplion  to  d.'s  \ Die  high  winter  mavimiims  ( 2.W2f>  m sei.  ) lef'ii’senl  the  souiherlv  esten- 
Sion  ol  extralropieal  eyelones.  Areas  1 , 2,  and  4 aie  simil.ii,  .ivei.iging  helween  .“i  and  X 
m'see  winds  with  mavimum  w nuls  i ')'). 5 pereeni ) v.nv  mg  helween  1 ' .md  IX  m see.  I hese 
winds  ,ne  relativelv’  eoiislani  hee.iuse  they  .ire  m the  noithe.isl  li.ide  vviiul  /one 

\1e.in  wave  heights  aie  lathei  eonst.ml  m .ill  the  .ne.is  surv ev  ed  v.nv  mg  hetween  1 
.md  1 5 meters  Maximum  waves  vary  signil leant ly  the  highest  seas  .ire  m the  noi I h i .ne.i  4. 
varying  helween  4.5  meters  in  Ihe  summer  .nul  X meters  m .l.nuiarv  ) .nul  in  Ihe  west  i4  to 
7 5 meters),  due  to  the  long  leleli  ol  Ihe  northeast  ir.ides  ,AII  Ihe  other  .ireas  have  lower 
maxiinum  sea  stales  whieh  vary  helween  4 and  5 meters  at  Ihe  ')‘).5-pereenI  level 


1 jblo  4 Sumiiuiv  ol  iihmii  .iikI  '»')  S |k-icimiIiIc  wiiul  am)  wave  ilala  Ini  llie  easlem  I’aeilK. 

(I  kiinl  ' 0 *'  m set ) 

(Dala  liiMU  (he  Vasal  Wealhei  Seisite.  ) iivirciiimeiilal  Delatliiiieiil.  Valioiial  ( Imialit  ( enlei. 

Asheville.  \(  I 

\OlhS 

1 V.iliies  III  the  mean  ami  ‘l**  peiteiitile  nl  svimJ  s|si'ei)  (kiiolsl  ami  stave  llel^!lll  (inelcis)  aie 
piesenteil  lot  all  mnnlhs.  \Save  liei^lil  is  the  ^iiealei  ul  sea  ami  swell  when  hnlli  aie  ie|><nleil  Olheiwise  il 
IS  ihe  icpiMled  value  ol  sea  m swell  A ilisuihuiion  ol  ilie  annual  pertenl  lies)uency  ol  wave  iKiiod  (set- 
ondsl  hv  sjietilied  groups  is  also  ptovided 

' Ohserval  ions  111  ID)  II  aie  piiniaiilv  lioin  ships  in  passage  1 liese  ships  lend  lo  avoid  aieas  ol 
known  "heavy  wealher"  li  e..  slroiig  winds  and  high  seast  Radio  toininiinieal ions  and  opinnuiii  Hack  ship 
loiiliiig  have  pioduted  a "Ian  weather  hias"  (i  e . a detiease  in  Ihe  Ireipieiit)  ol  heavy  wealhei  ohseiva- 
liotisl  III  this  dala  lile 
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I \lri-nu‘  MiMi'drolojiii'al  Data 

I xlrcMiie  wiiul  aiul  wave  data  are  liiphK  important  to  the  design  and  siting  ot  the 
<)l  i I these  data  neeil  to  lie  assessed  m lelation  to  engineering  and  hiologiea)  reijnirements 
and  tolerances  I al'le  5 gives  the  extreme  w ind  speed,  signilicant  wave  lieights.  and  extreme 
wave  heights,  tor  specit'ieil  return  pernnls  lor  west  coast.  Hawaii,  and  east  coast  are.is  (tlie 
latter  is  mchuled  lor  miormational  comparison  piirposesi.  I igiire  4X  shows  coastal  are.is 
where  wind  .ind  wave  recurrence  statistics  were  computed  I lie  lahle  gives  mean  return 
peril'll,  which  is  delmevl  as  the  average  numher  ol  years  helvveen  successive  occurrence  ol 
v.ilucs  gre.ilei  iti.in.  or  eipial  to.  ihesi.iteil  v.ilue  On  the  west  co.isl  Irom  centr.iM  .ihlorni.i 
to  U.isliiiigloii.  are.is  J.x  to  .It)  have  the  highest  extreme  winds,  these  .ire.is  h.ive  2.x-year  vviiul 
ret  ui  ns  value  ol  4 1 to  4.4  m sectKel  ,4X|  Iheare.ioll  I l.iw  an  h.is  .4'’- to  4()-m  sec25-vear 
extreme  winds  I he  co.ist.il  are.is  ol  Inwest  extreme  velocities  are  southern  ( .ihlorni.i  (area 
22)  .ind  northern  H.ii.i  ( .ihlorni.i  ( Area  2tli.  showing  ,4 1 .iiul  .45  m sec.  respectively  lor  25- 
year  extremes.  OH  southern  ( .ililornia.  the  livc'-year  return  extreme  is  hy  l.n  the  lowest  .it 
2(i  111  sec 

Vy.ive-lieiglit  extremes  show  .i  similar  trend  to  the  vviiul  values  with  the  highest  waves 
oil  northern  (alilorma.  ()regon,  and  \S  .ishmglon.  I he  25-year  signilicant  w.ive  lor  this.irea 
varies  between  15  aiul  It)  meters  (extreme  waves  ol  27  to  2‘)  meters),  whereas  olt  southern 
( ahlornia  the  sign  i tic  ant  2 5- year  w ave  is  between  1 1 .ind  12  meters  ( ext  remes  ot  H)  to  21 
meters). 


W.ives  111  the  liawaiian  waters  are  estim.iteil  .it  15  to  It'  meters,  signilicant  height 
aiul  2.4  to  2K  meters  tor  extreme  waves  tor  25-year  reltiin  pernuls. 

lables  t)  anil  7 give  high-wiiul  .mil  wave-recurrence  sl.itislics  lo;  (he  nortliweslern 
poiiion  ol  the  survey  area  I he  highest  wiiiils  dccui  in  the  northern  porlion  at  OW.S  I’ 

( 50  N ) where  the  5-year  wind  is  4.4  ni,'sec  and  the  25-year  w iiul  is  5 1 m sec  I he  minimum 
extreme  winds  are  observed  at  OWS  N (,4()°N)  where  the  5-  and  25-year  winds  aie  .42  and  ,4<) 
m sec.  respectively  Areas  I to  4 have  intermediate  extreme  winds. 


2‘) 


I .tHc  5 I xirt’mr  uul  w jvi*  fit’ll  hi  .jt»d  oxircmc  wave  fu‘u;liK  h>r  re*  urn  pt*n«Kls  for  the  WcnI 

( Mawjn  the  easl  i«wM  the  I .S.  Survey  jfojs  are  shown  m I i^.  4K  1 1 tool  metort 

(l»ala  trom  N()  \A.  Ki*l.  1K> 

I xireme  wind  s|x*cd  lor  spociliod  rclurn  porjo«|s. 


L2l 

JO  »r 

so  yr 

100 

Arf< 

LJl 

10  yr 

76  y- 

60  yr 

100  rr 

1 

7b 

83 

9? 

100 

109 

27 

66 

72 

BO 

B7 

94 

2 

68 

70 

93 

106 

126 

78 

68 

73 

87 

89 

96 

3 

Sf 

61 

70 

78 

88 

29 

67 

73 

82 

88 

9^ 

A 

71 

77 

86 

94 

103 

30 

67 

73 

61 

83 

9^ 

S 

67 

74 

83 

91 

100 

31 

69 

66 

77 

76 

ftS 

6 

63 

70 

78 

86 

96 

37 

73 

79 

88 

96 

104 

; 

66 

73 

81 

91 

10? 

33 

71 

77 

86 

93 

101 

B 

68 

76 

90 

104 

120 

34 

70 

76 

86 

92 

100 

9 

71 

79 

92 

lOS 

120 

35 

71 

77 

86 

93 

101 

to 

77 

81 

96 

no 

128 

36 

75 

82 

91 

99 

107 

11 

69 

79 

94 

109 

126 

37 

69 

75 

64 

01 

99 

1? 

63 

73 

68 

107 

118 

38 

77 

83 

93 

101 

;C9 

IJ 

62 

77 

66 

107 

119 

39 

73 

80 

89 

96 

»c: 

14 

62 

73 

89 

103 

120 

40 

73 

79 

88 

96 

lj4 

IS 

63 

73 

88 

10? 

118 

41 

74 

80 

89 

9/ 

106 

u 

63 

72 

86 

too 

116 

4? 

76 

81 

91 

98 

1C7 

17 

6? 

70 

84 

96 

111 

43 

76 

83 

92 

100 

16 

60 

68 

79 

91 

104 

44 

7/ 

84 

93 

101 

no 

19 

62 

69 

79 

89 

100 

46 

76 

H3 

92 

100 

108 

2Q 

S6 

61 

69 

76 

61 

4b 

74 

81 

90 

97 

irs 

?J 

60 

66 

73 

79 

86 

47 

67 

73 

61 

BR 

96 

72 

SO 

56 

61 

66 

72 

48 

63 

68 

76 

B2 

M9 

73 

64 

70 

78 

84 

91 

49 

64 

69 

66 

71 

/; 

?4 

66 

60 

67 

73 

79 

60 

61 

67 

76 

82 

90 

?S 

6S 

71 

79 

66 

93 

61 

69 

66 

77 

79 

87 

68 

74 

83 

90 

97 

62 

64 

69 

7ft 

86 

93 

--Sifniifif.int  wavi- 

hi'icht  i-stimatfs 

i for 



Kxtn-tno 

W JVf 

ht'ljrhl  ( 

(fi-i'tl  tor 

sperified  n-tuni 

P»-rio<is. 

specifif 

d n-tum 

JKTi(KlS. 

Area 

S Ifr 

10  Yr 

26  Yr 

60  Tr 

IQO  Vr 

Ar 

6 tr 

10  Vr 

26  yr 

60 

103  ' 

1 

44 

SO 

S9 

66 

74 

1 

HO 

90 

106 

119 

134 

7 

37 

42 

49 

66 

6? 

2 

67 

76 

89 

100 

112 

3 

31 

36 

42 

47 

S3 

3 

66 

64 

75 

84 

96 

4 

37 

42 

SO 

66 

61 

4 

67 

76 

90 

101 

113 

s 

3S 

4C 

47 

S3 

S9 

6 

64 

72 

86 

96 

io: 

6 

36 

41 

46 

64 

61 

b 

66 

74 

87 

97 

109 

; 

38 

43 

SO 

56 

63 

7 

68 

77 

90 

102 

m 

8 

4/ 

S3 

63 

70 

79 

6 

85 

96 

113 

127 

14. 

9 

SO 

S7 

67 

76 

84 

9 

91 

103 

120 

135 

15? 

10 

44 

SO 

69 

66 

74 

10 

8U 

90 

106 

119 

P4 

n 

4) 

47 

56 

61 

69 

11 

74 

B4 

98 

111 

124 

1? 

38 

43 

50 

66 

63 

1? 

68 

77 

90 

101 

114 

13 

36 

41 

48 

64 

61 

13 

66 

74 

87 

98 

no 

u 

33 

37 

43 

49 

56 

14 

69 

66 

78 

67 

98 

u 

34 

36 

46 

61 

67 

16 

61 

69 

81 

91 

102 

!6 

34 

39 

46 

51 

68 

16 

62 

70 

8? 

92 

)C4 

t; 

34 

39 

46 

61 

57 

17 

6? 

70 

82 

92 

103 

18 

33 

38 

44 

60 

S6 

18 

60 

68 

BO 

90 

101 

19 

32 

36 

43 

46 

64 

19 

68 

t>6 

77 

86 

97 

?0 

32 

36 

43 

48 

64 

20 

68 

66 

77 

86 

97 

?1 

30 

34 

39 

44 

60 

21 

63 

60 

71 

BO 

89 

77 

28 

32 

38 

4? 

4R 

22 

61 

68 

68 

76 

86 

2i 

26 

30 

35 

39 

44 

23 

47 

64 

63 

71 

80 

74 

32 

36 

4? 

47 

63 

24 

57 

ts 

76 

85 

96 

2S 

38 

43 

SO 

S6 

63 

25 

68 

77 

90 

101 

113 

26 

39 

4S 

52 

S9 

66 

76 

71 

80 

94 

106 

119 

27 

38 

43 

SO 

57 

64 

77 

68 

78 

91 

10? 

ns 

28 

39 

44 

s? 

68 

6S 

28 

70 

80 

93 

lOS 

IIB 

29 

39 

44 

62 

68 

66 

29 

70 

79 

93 

104 

117 

iO 

39 

44 

5t 

68 

66 

30 

70 

79 

93 

104 

117 

31 

34 

39 

4S 

SI 

67 

31 

61 

70 

81 

92 

103 

32 

39 

44 

61 

S6 

65 

32 

70 

79 

92 

104 

117 

)) 

38 

43 

SI 

S7 

64 

33 

69 

78 

91 

103 

ns 

34 

38 

43 

SO 

56 

63 

34 

68 

77 

90 

101 

114 

3S 

38 

43 

SI 

57 

64 

36 

69 

78 

92 

103 

116 

36 

38 

43 

SI 

S7 

64 

36 

69 

78 

91 

103 

115 

37 

36 

40 

47 

S3 

60 

37 

64 

73 

86 

96 

106 

J8 

41 

46 

64 

61 

68 

38 

73 

83 

97 

109 

122 

39 

38 

44 

6) 

67 

64 

39 

69 

78 

9? 

103 

116 

40 

38 

43 

61 

S7 

64 

40 

69 

78 

91 

103 

ns 

41 

re 

41 

48 

64 

60 

41 

66 

74 

86 

97 

109 

4? 

33 

37 

41 

49 

S5 

47 

69 

66 

78 

87 

98 

4J 

33 

3/ 

43 

49 

65 

43 

69 

66 

78 

87 

9R 

44 

31 

3S 

41 

46 

S? 

44 

66 

63 

74 

84 

94 

4S 

19 

22 

76 

79 

33 

46 

36 

40 

46 

52 

69 

46 

2? 

?S 

79 

33 

37 

46 

40 

46 

S3 

59 

6/ 

4/ 

18 

20 

24 

7/ 

30 

47 

37 

36 

43 

48 

54 

4U 

27 

24 

79 

37 

16 

48 

39 

44 

61 

6ft 

66 

49 

18 

71 

74 

77 

31 

49 

33 

38 

44 

49 

66 

SO 

3/ 

41 

49 

65 

61 

60 

66 

76 

8/ 

98 

no 

SI 

31 

JS 

41 

46 

S? 

61 

66 

63 

74 

63 

93 

S2 

18 

43 

SI 

57 

64 

57 

69 

78 

91 

107 

116 

30 


•gm 


OWS  N 


Tablf  ' M.ixinmm  Mpnilicjnl  and  cxiii-iiu  wasc  hciglil  rc^iiHcnce  micrvals  lor  tho  notih  coiiiral  I’aafu: 

( 1 kmii  =t  0 5 111  see) 

I Data  tioiii  Nasal  Wealliei  Soiviec.  Ret  11) 


OWS  N 


\hi\iimim  sitinilK-.ml  aiul  oxirenu’  wave  heiglits  ate  t’lveii  m I ahio  7.  I ho  highosi 
soas  arc  at  OW  S I’  whoro  tfio  maxitniim  vigml ioanl  wave  heights  (or  5- ami  J5-Vfar  intervals 
are  15  ami  70  meters  ami  tlie  extreme  wave  heights  lor  the  same  perioils  are  11  and  55 
meters.  ( )\\'S  \ has  the  least  severe  seas  ni  llie  northwest  area  with  I I - to  14-meler  maxi- 
mum sigmlkant  wave  lieiglits  ami  20-  to  2(>-meter  extreme  wave  heights  lor  ‘t-  ami  25-yv;ir 
intervals  Again,  heeaiise  ot  the  many  y e;irs  ol  data  eolleeleil  in  had  as  well  as  good  weather, 
the  Oecan  V\ealher  Station  extremv  data  are  prohahly  the  most  avairate  available  tor  open 
oevan  areas. 

As  a note  ol  interest,  prohahly  the  largest  wave  ever  observed  and  avciiralely  meas- 
ured was  m the  genoral  viemity  ol  the  study  area,  at  ,^4  N,  lh7'^\V  1 ho  wave  was  approxi- 

mately .^4  meters  high  and  was  geoinelrk ally  measured  by  person  el  aboard  the  I'SS 
KAMAl’O,  7 I ehruary  |0.V^  ( Kel.  .VM. 

I xtreme  eurrenl  vlala  are  also  very  important  lo  the  Oeeaii  barm.  Current  measure- 
ments in  severe  weather  are  extremely  rare,  and  generally  only  theoretieal  data  exists.  A 
bnel  ihseussion  ol  this  topie  is  given  in  Appendix  b.  A lurther  liiseussion  ol  extreme  me- 
leorologieal  viata  is  given  m Reis.  40  through  44. 
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Figure  4 Winter  S'ortli  Pdcil'ic  eurreni  regime  sliowing  prevailing  direetion  and  mean  speed 
range  in  knots.  (From  Naval  Weather  SeAiee.  Kef  ’7)  ( 1 knot  ^ 0.5  m see) 
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Figure  7.  Current  speed  profiles  for  tlie  northeastern  Pacific  area.  ( I knot  ^ 0.5  m sec)  (Front  I'  S Nav>  sources) 
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f igure  ff  Boumlary,  direction  and  velocity  ol  the  noithein  poition  ol  the  f’eiu  C intent 
( I roni  Naval  Oceanogiaphic  f)Mice,  Kel  2K((  1 knot  1)  S in/secl 
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Figure  13  Mininium  surface  temporalure  tor  the  north  Pacific  for  l ehruars  !n  decrees  Fahrenheit  (From  Naval  Oceanographic  OtTice.  Ref  30) 
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Figure  14.  Nitrate  nitrogen  concentration,  at  10  meters,  for  the  southern  California 
Current  region  — winter.  (Duplicated  from  CALCOFI  Atlas.  Ref.  .^2) 
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Fi(>iire  17.  Nitrate  nitrogen  concentration  at  10  meters  lot  the  soiitliern  ( alitornia 
t'urrcnl  region  (all  (l)u|>licatetl  (rout  CAI  COM  Atlas.  Kel  .^2) 
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figure  20  Nitrate  nitrogen  concentration  at  100  meters  for  the  soutliern  C'aliloinia 
Current  region  summer.  (Duplicated  from  CAl.COf  I Atlas  Kef  .12) 


rij.’urc  21  Nilralc  mitogen  toncciilralioii  at  lOt)  meters  for  the  soiitlietn  ('alilornia 
Ciitrenl  region  fall  (l)nplicatetl  from  CAK'OI  I Atlas,  Kef.  32) 
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(Reproduk:ed  from  Naval  Wcalhcr  Service.  Ref.  34) 
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Durations  o(  events  meeting  the  above  criterion  are  depicted  by  SOLID 
lines  and  refer  to  the  TOP  SCALE  of  each  graph 

Intervals  between  events  are  depicted  by  DASHED  lines  and  refer  to  the 
BOTTOM  SCALE  of  each  graph 
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t igurc  Tl  Wiiul  speed  persistence  graph  tin  the  central  northeast  Pacitic  lor  Ocean  Weather  Station  N 
giving  percent  treqiieiicy  o(  duration  and  interval  hetween  I 7 in  sec  or  greater  winds.  ( I knot  ^ 0,5 
rirveci  (Kepiodiiced  liorii  Naval  Weather  Service.  Kel.  271 
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Durations  ol  events  meeting  the  above  criterion  are  depicted  by  SOLID 
lines  and  refer  to  the  TOP  SCALE  of  each  graph 

intervals  between  events  are  depicted  by  DASHED  lines  and  refer  to  the 
BOTTOM  SCALE  of  each  graph 
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Kigure  32.  Wind  speed  persistence  graph  lor  the  central  northeast  Pacilic  for  Ocean  Weather  Station  P 
giving  percent  frequency  ol  duration  of  and  interval  between  17  m/sec  or  greater  winds.  ( 1 knot 
*05  rn/secl  (Reproduced  front  Naval  Weather  Service,  Ref.  27(. 
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Durations  of  events  meeting  the  above  criterion  are  cfepicted  by  SOLID 
lines  ancf  refer  to  the  TOP  SCALE  of  each  graph 

Intervals  between  events  are  depicted  by  DASHED  lines  and  refer  to  the 
BOTTOM  SCALE  of  each  graph 
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l iguic  T.T  Wind  sjH'cd  pcrsislcnce  grapli  tui  the  central  iiDMlieast  I’acitic  tor  Ocean  Wealtiei  Sl.ilion  N 
giving  percent  Ireiiiiency  ot  duration  ol  and  interval  hetween  2 > m/sec  oi  greater  winds  I I knot 
»=l).5  ni/seci  I Re|)rodiiced  Iroiii  Naval  Weather  Service.  Ket  27) 
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! Durations  of  events  meeting  the  above  criterion  are  depicted  by  SOLID 

lines  and  refer  to  the  TOP  SCALE  of  each  graph 

Intervals  between  events  are  depicted  by  DASHED  lines  and  refer  to  the 
BOTTOM  SCALE  of  each  graph 
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_ L ij(uie  '4  \^lnd  s|k-ci1  poisislcnce  yrapli  tin  llic  central  nmllieasl  I’aulic  tot  Ocean  Wealliei  Stalnm  I' 

II  (tivinfi  [K’iccnl  licquency  nt  diiiatioii  ot  and  inteival  between  25  ni  cec  in  yiealei  winds.  ( I tiimt 
■*0  5 m/scc)  ( Kepiiidiiccd  Iroin  Naval  Weather  Seivice,  Kel  27) 
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I > igiite  -V)  I Ilf  |x.'TCciit  attenuation  ol  wave  motion  with  deptli  given  the  [leinHl  (1  ) in  wcoiuK 

( I loot  » 0 .1  meter)  (Data  Irom  tJ  S.  Navy  sources). 
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Kigure  37,  Percent  frequency  ol’wjvc  height,  penud  and  direction  Cor  .laiuui>  ttirough  Match  lot  the  northeastern  Pacific  3l)°N  to  4,'’ 
( I fool  = 0.3  meter)  (Prom  L'. S Nav>  sources). 


f igure  3h  Petcciit  frequency  of  wave  tieighl.  (KTiod  and  direction  for  \ptil  through  June  for  the  nortlieastern  Pacil'ic 
30°N  to  45°\  ( I foot  « 0.3  tnelerl  (Krom  f S Navy  sourcest 
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Durations  of  events  meeting  the  above  criterion  are  depicted  by  SOLID  | 

lines  and  refer  to  the  TOP  SCALE  of  each  groph. 

Intervals  between  events  are  depicted  by  DASHED  lines  and  refer  to  the  | 

BOTTOM  SCALE  of  each  groph  ^ 
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t igurc4l  Mniiltily  (KTSisIciite  graphs  giving  the  cumulative  percent  ITei|uency  ol  liours  i)l  duration  ol  a 
^ l-fiicler  wavf  event  and  ol  days  interval  between  events  tor  OWS  N.  (Repr*HJuced  Iroin  Naval  Weather 

t U..4 


Durarions  of  events  meeting  the  above  criterion  are  depicted  by  SOLID 
lines  and  refer  to  the  TOP  SCALE  of  each  graph. 

Intervals  betv^een  events  are  depicted  by  DASHED  lines  and  refer  to  the 
BOTTOM  SCALE  of  each  graph. 
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Figure  42.  Minitlrly  persistence  graphs  giving  the  cumulative  tx-rcent  Ircmiency  ol  hours  ol  duration  ot  a 
> l-meter  wave  event  and  of  days  interval  between  events  lor  OWS  P.  (Kcproduced  from  Naval  Weather 
Service,  Ref  27). 


Durations  of  events  meeting  the  above  criterion  are  depicted  by  SOLID 
lines  and  refer  to  the  TOP  SCALE  of  each  graph. 

Intervals  between  events  are  depicted  by  DASHED  lines  and  refer  to  the 
BOTTOM  SCALE  of  each  graph 
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I'lgurc  43.  Monthly  |XTSistcncc  graphs  giving  the  ctmiiilative  percent  Irequency  of  hours  of  duration  ot  a 
^ S nieter  wave  event  and  of  days  interval  between  events  for  OWS  N ( Keprodiiced  from  Naval  Weather 
Service.  Ret . 27). 


OCTOBER  NOVEMBER  DECEMBER 


I 


I 

I 


Durations  of  events  PDeeting  the  above  criterion  are  depicted  by  SOLID 
lines  and  refer  to  the  TOP  SCALE  of  each  graph. 

Intervals  between  events  are  depicted  by  DASHED  lines  and  refer  to  the 
BOTTOM  SCALE  of  each  graph 
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f-igure  45  Pet>.cnl  ltct|uciu;>  ot  wjvi  licijiht,  period  and  direction  tor  l ebruaic  lor  southern  portion  ol  suive\  aiea 
south  o(  40  N ( I foof  ^0  4 iiielen  (Prom  U S.  Navv  sources) 
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^lgure  46.  I’erceiit  Irequeiicv  ot  wave  licight.  [vrii'd  and  dircclioii  foi  .Augusi  lor  southern  poriron  ot  tire  suivev  area 
soulh  ot  .^0°N  ( 1 fool  * 0..^  meter  l ( I rutn  U.S.  Nav\  sourees). 
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Figure  4>i.  Ma|)s  showing  coastal  areas  lor  wliicli  wind  and  wave  recurrence  statistics  ( Table  5 1 
were  computed.  (Reproduced  Irorii  NOAA,  Ref. 
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Holore  specific  site  selections  are  inaile,  certain  areas  can  he  oinitteil  because  llieir 
environmental  characteristics  are  completely  outside  the  preliminary  selection  criteria.  I lie 
lollowinj:  discussion  will  tentatively  support  or  reject  certain  areas  as  potential  larm  sites  for 
I’hase  1 ; additionally,  some  discussion  of  site  potentials  lor  luture  phases  will  he  eiven, 

ItlOUK.K  \L(  KITKRIA 

Temperature 

Utili/ing  2()°C  as  the  temperature  maximum  for  Macrocystis  tolerance  and  l ijj.  1 1 as 
a imide.  it  is  apparent  that  south  of  about  1°N.  coolinj:  by  upwelling  will  be  reipiired.  d he 
turther  south  the  site  is  loeateil.  the  greater  is  the  upwelling  re(|uireil  to  lower  the  ambient 
temperature  to  except  for  the  eipiatorial  upwelling  region  where  ambient  surface  tem- 

peratures are  lower,  thus  reducing  the  reiiuirement  for  upwelleil  water.  I rom  I’igs.  I and  1 I 
plus  Appendices  H and  (',  it  is  apparent  that  areas  I 1 and  I 2 rc(|uire  no  cooling  from  upwell- 
mg  I the  need  for  nutrients  in  these  areas  may,  of  course,  impose  requirements  for  upwelling). 
Areas  l-‘»  are  marginal  ami  may  require  slight  cooling  during  the  late  summer.  Areas  10,  I.S. 
and  IX  would  recjuire  some  cooling  during  the  summer  months.  Area  I would  recpiire  2 to 
^ degrees  cooling  during  summer  and  fall.  .Assuming  that  the  iipwelled  water  was  from  200 
meters  I 1, '?  "(')  anil  cottiplelely  mixed,  then  approximately  .^3  percent  upwelleil  water  would 
be  required  in  the  surtace  layer  to  lower  its  ambient  temperature  to  20°r.  (Jft  Hawaii  (areas 
14  and  l(i).  approximately  .xO  percent  of  the  surface  water  would  have  to  be  upwelleil  from 
200  meters  to  meet  the  temper.iture  requirement.  Also,  in  areas  I 7 and  10  in  the  tropical 
eastern  I’acific  north  of  the  equator,  the  surface  waters  would  have  to  he  mixed  with  approx- 
imately 50-percent  upwelleil  water  from  200  meters  to  lower  ambient  temperatures  to  20  ( . 
In  area  20.  the  winter  and  spring  seasons  are  the  warmest  (25°C').  thus  requiring  approxi- 
mately 40-percent  upwelleil  water  mixed  with  ambient  surface  water  to  lower  the  tempera- 
ture to  20“r. 

I he  20°C  temperature  limitation  has  not  been  conclusively  demonstrated,  and  the 
actual  limiting  temperature  may  be  significantly  higher,  thus  possibly  requiring  less  upwelling 
for  cooling  puriioses.  It.  however,  2()'’('  is  assumed  to  be  limiting,  then  north  ot  30“N  there 
appears  to  be  little  or  no  problem  from  upper  temperature  limitations  whereas  south  to 
about  25"N  some  cooling  will  he  required.  Off  Hawaii  and  between  25°N  and  the  equator, 
surface  temperatures  may  be  limiting  unless  enough  deep  water  (200-meterl  can  be  brought 
to  the  surface  to  produce  a 50  percent  deep/50  percent  surface  water  mixture. 

Niilrienis 

Macrocystis  nitrate  requirements  are  tentatively  placed  at  3 to  5 /ag-atOiter  minimum, 
and  10-15  fig-al/liter  optimal.  I he  only  areas  where  the  required  nitrate  concentrations  are 
observed  at  the  surtace  are  the  near-coastal  /ones  during  Ihe  upwelling  seasons  and  m Ihe 


;nul  ('ost;i  Kic;i  Dome  ii|nvt.‘llin{;  regions  ( I'ig.  I ).  At  ;ill  oilier  olTsliore  mens, 
.irtifieial  iipwellmg  will  he  reiiuireil.  To  pro\itle  ;Klec|ii;ite  milrienis  (o  llie  plants,  using  ,i 
reasonable  upwelling  volume,  the  upwelled  water  may  need  to  eontain  some  2IJ  to  .^0  /ig-at 
NO^  liter.  In  general,  nutrient  eoneentrations  in  the  20  to  .^0  /ag-at/litei  range  are  found  at 

deeiK-r  depths  as  one  moves  west  from  the  coast  and  from  north  to  south.  1 he  depth  of  the 
.'()  gg-at  liter  NO^  level  increases  trom  l()()-2()0  meters  at  40-45°N  to  2.‘s(l-.^.‘'0  meiers  at 

2.^-.sl)°N  along  the  west  coast,  and  is  at  .^.*'{)-.‘v()()  meters  otf  Hawaii.  Other  things  being 
cHpial.  the  greater  the  depth  from  which  water  must  be  pumped,  the  greater  the  costs  in- 
volved. I he  proposeil  pumping  depth  of  100  meters  I Ref.  2)  for  a Phase  farm  might 
necessitate  locating  the  larm  above  40  N or  very  close  to  west  coast  upwelling  areas  w ithin  a 
few  kilometers  from  shore,  or  else  pumping  rates  could  possibly  be  increased  somewhat 
beyoiul  the  proposed  five  acre  leet  Isix  cubic  kilometers)  per  day  ( Kef.  2 ).  Upwelling  pipes 
might  have  to  be  200-.^00  meters  long  off  southern  California  in  open  ocean  areas,  and  even 
hinger  to  the  south  or  west  tvi  provide  adevpiate  concentrations  of  nutrients  to  the  suitace. 

In  the  ecpiatorial  upwelling  and  Costa  Rica  Dome  regions,  it  is  possible  that  no  arlifici.d 
upwelling  would  he  needed  because  of  the  amtinual  high  concentration  of  nutrients  at  the 
surlace.  (Jther  factors,  however,  place  these  upwelling  regions  in  doubt  as  potential  larm 
locations  lor  Ihe  near  term  because  of  the  relatively  high  current  speed,  temperature  regime, 
aiul  remoteness  trom  potential  processing  lacilities.  If.  however,  the  ()l  I I-  concept  ol  a 
vlynamically-positioned  farm  capable  of  movement  with  propulsors  (Rets.  2 and  .D  is  tena- 
ble. and  at-sea  processing  aiul  long-vlislaiice  transportation  become  economically  feasible, 
(hen  large  lloaling  larnis  in  (he  e<(iia(<>rial  region  become  a strong  possihihly.  I'he  farms 
could  tloat  to  the  east  with  Ihe  1 v|uatorial  ( (ninlercurrent,  move  south  a few  hundi 'd  kilo- 
meters and  move  west  with  Ihe  .South  I i)ualorial  CtirrenI . aiul  then  propulse  north  to  the 
1 iluatorial  Countercurrent  again,  thus  remaining  in  a limileil  area  vif  the  central  eastern 
I’acilic  and  within  high-nutrient  waters. 

Ihe  requirement  for  nutrients  at  a given  concentration  may  be  a significant  economic 
lactor  because  the  costs  increase  with  the  depth  of  the  rei|uireil  upwelling  aiul  the  ilepth  of 
derived  nutrient  levels  varies  with  area.  I herefore.  location  of  the  Oi  l 1 with  legaid  to 
nutrients  is  more  a (piestion  of  economics  than  of  .Macrocystis  reiiuirements  I’robably  the 
mo  t cost  effective  farm  locations  from  the  nutrient  (near  surtace)  av.iilability  standpoint 
would  be  as  follows: 

1 . l.ciuatorial  Upwelling  Zone  (area  20),  Costa  Rica  Dvime.  aiul  I’eruvian  upwelling 

regions, 

2.  Areas  north  of  40°N  and  coastal  regions  to  (area  12); 

.C  Coastal  regions  south  of  .C'i°N  to  25°N  (areas  I 1 aiul  l-‘>); 

4 Areas  10  and  IX; and  the 

5.  Central  eastern  Racific  areas  I .C  14,  (.“i.  Hi,  17  aiul  I'b 


I’ractically . for  Phase  I and  2 farms  and  early  Phase  farms,  the  areas  inchuleil  under  2 and 
.1  above  are  Ihe  most  feasible  from  a nutrient  viewpoint. 
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I’luise  1 iiritl  2 (arms  will  probably  be  moored  ami  Iherelore  the  siirlaee  currents 
could  be  a major  contributor  to  the  water  movement  around  the  plants,  ('urreni  speeds 
greater  than  the  minintum  (4  cm/sec)  recjuiremenls  are  observed  almost  continually  through- 
i)Ut  the  eastern  Pacific  sui"vey  area.  Current  speeds  less  than  the  optimal  ( 10  cm/sec)  can 
occur  in  the  north  Pacific  gyral  area,  25°  to  45°N  and  I .M)°  to  I ()0°\V.  and  in  the  southern 
extreme  ol  the  California  Current.  20°  to  25°N.  Ik'cause  ol  the  tendency  of  the  plants  to 
detlect  toward  tlie  horizontal  in  currents  of  greater  than  25  cm  sec.  sustained  currents  ol 
greater  than  this  speed  may  have  to  be  avoided,  at  least  for  the  relatively  small  Phase  1 and  2 
nu)ored  systems.*  Areas  where  currents  greater  than  25  cm/sec  are  observed  fi)i  significant 
periods  of  time,  include  the  northern  Davidson  Current  during  the  winter  and  the  Alaska 
Current  to  the  north.  Also,  the  North  luiuatorial  Current,  the  lujuatorial  ( ountercurrent. 
and  the  .South  f-i]uatorial  Currents  exhibit  speeds  greater  than  25  cm  sec  much  ol  the  time 
between  5°S  and  I5°N  from  the  coast  to  the  western  edge  ol  the  survey  area. 

Areas  which  meet  the  optimal  current  ranges  ( 10  to  25  cm  .sec)  include  the  westward- 
moving  North  Pacific  and  Subarctic  Currents.  .^5°  to42°N;  most  of  the  ( alifornia  Current 
region  south  of  40°N:  the  northern  portion  of  the  North  Piiuatorial  Current  region  from  the 
coast  w'c'stward  between  15°  and  2()°N.  and  the  South  and  Central  .American  coastal  areas 
from  the  equator  to  central  Mexico  (20°N). 

With  the  advent  of  lloating  Ol  1 I 's.  current  velocities  above  25  cm  sec  ma\  become 
less  restrictive  because  the  farms  can  lloat  with  the  currents,  thus  reducing  the  relative  waiter 
motion.  In  lloating  farms,  the  importance  of  wind  mixing,  internal  w aves,  and  upwelling 
velocity  is  increased  w hile  the  importance  of  surface  current  velocity  is  ilecreascil  m relation 
to  nutrient  uptake  rates.  However,  the  energy  requirements  and  engineering  limitations  tor 
station-keeping  must  be  considered  as  well. 

hNCilNPE  KING  C RITI  RIA 

Currents 

Although  current  engineering  limitations  are  not  yet  well  defined,  design  require- 
ments which  meet  certain  minimal  environmental  forces  will  have  to  be  met.  .A  5()-ctn,sec 
operational  current  is  assumed  for  developmental  design  of  the  substrate  structure  I Rel.  I ). 
A 1 5-m/sec  sustainerl  current  is  the  initial  engineering  ilesign  limitation  value.  Both  the 
operational  and  design  currents  are  aliove  the  liiological  sustained  current  limitation  ol  25 
cm  sec.  In  terms  ol  engineering  current  limitations,  the  only  areas  which  have  sustained  cur- 
rents above  50  cm/sec  are  the  South  I quatorial  Current  and  the  northeastern  portion  ol  the 
survey  area  near  Vancouver  Island  ll  ig.  7).  Currents  of  100  cm/sec  are  observed  in  the 
California  and  Davidson  Currents  under  extreme  conditions  (Pigs.  5 and  6,  these  measure- 
merits  are  Irum  sliip  drift  ami  may  be  somewhat  elevated).  Storm-generated  currents  may. 
however,  become  higtily  important  in  terms  of  plant  and  structural  survival  (see  Appendix  P). 
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Storms/VVilul 
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It  will  he  best  lor  tlie  early  Ol  'l^l  's  to  avoid  areas  ol  strong  storms  because  ol  the 
high  waves  and  surface  currents  generated  by  them.  If  possible,  areas  of  storm-force  w inds 
25  m/sec)  and  luirricane-lbrce  winds  (>  55  m/sec)  should  be  avoided,  and  encounters 
with  gale-force  winds  t>  I 7 m/sec)  should  be  minimi/.ed.  In  the  north,  extratropical  cy- 
clones are  generated  in  the  ( lull  ol  Alaska,  ami  these  frequently  move  lowarti  the  south  with 
diminishing  intensity  and  frequency  to  a maximum  southern  limit  t)f  about  5()°N.  Subtrop- 
ical cyclones  move  from  an  area  of  generation  near  I5°N  to  the  west  and  northwest  with 
diminishing  intensity  to  about  55°N  (maximum  northern  limit  of  tropical  storms).  North  of 
aliout  55°N.  and  particularly  to  the  northwest,  storms  and  high-wind  velocities  are  common. 
In  the  south,  lietween  1()°N  and  50'’N.  and  to  the  west  to  lb()°W  the  probability  of  strong 
subtropical  storms  and  hurricanes  is  high,  and  these  areas  should  initially  be  avoided.  Areas 
of  low-velocity  winds  with  low  probability  of  intense  storms  ( the  most  desirable  for  (M  l b 
location)  are  given  below  in  order  ot  preference. 

1.  Southern  California  and  northern  Baja  ( alifornia  between  55°N  and  5()”N  within 
‘)7  kilometers  of  the  coast,  (areas  1 through  d and  the  northern  portion  of  10).  This  area  has 
the  lowest  probability  of  extreme  winds  of  any  coastal  area  in  the  United  States  (approxi- 
mately 1 storm  > 25  m'sec  in  a 5-year  period). 

2.  25“N  to52°N,  I 2()°\V  to  1 40° W (areas  15  and  IX). 

5.  l eeward  side  of  Hawaiian  Islands  (area  5 1 , Tig.  4X). 

4.  Trade  wiiul  regions  south  of  tropical  cyclone  areas.  I0°N  to  1()''S  Irom  the  coast, 
west  to  l()0°\V.  (Relatively  con^tant  winds  of  5-10  m'sec.) 

Waxes 


Wind-generated  waves  are  relatively  constant  throughout  the  survey  area.  The  mean 
wave  height  is  between  I and  1 .5  meters  in  all  areas  ( fable  4);  however,  ')‘).5  percentile  and 
extreme  waves  are  highly  variable.  North  of  55“N.  both  aking  the  coast  and  to  the  west.  5- 
year  significant  and  extreme  waves  are  higher  than  the  proposetl  engineering  limitations  lor 
preliminary  farms  ( I I and  10  meters,  respectively).  Areas  to  the  south,  particularly  the 
coastal  regions  Iron)  54°N  to  27°N  and  west  to  125°W  (areas  I through  It)  aiul  the  eastern 
tialf  of  IX,  I'ig.  I ) and  regions  20  to  25  ( fable  5),  show  very  low  wave  heights  and  10-year 
extremes  within  the  designated  criteria.  South  of  this  area,  to  about  I0°N.  tropical  cyclones 
can  cause  very  high  waves  which  in  conjimction  with  high  currents  might  cause  structural  or 
plant  damage  to  an  Ol'TT  located  in  this  area.  Wave  heights  increase  in  a westerly  direction 
OWS  N (5()°N,  I40°W)  is  marginal,  with  an  estimated  5-year  significant  wave  height  ol  I I 
meters  Cl  able  (>).  North  of  OWS  N waves  become  significantly  higher,  making  this  regirm 
less  riesirable  as  an  OTTT-  site.  In  Hawaiian  waters,  extreme  wave  heights  on  the  windwanl 
side  ol  the  islands  are  estimated  to  be  significantly  higher  than  on  the  leeward  side  (area  5 1 , 
Table  5).  The  leeward  siile  is  within  the  engineering  wave  height  limitations  for  lO-year 
waves,  while  the  windward  (north  and  cast)  side  is  not. 

The  southern  California/northern  Baja  region  is  the  area  ol  least  severe  wiiul- 
generated  waves. 
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ECONOMIC  AND  GEOPOLITICAL  CONSIDERATIONS 


Economic  ctinsiilcralitnis  arc  rliscusscd  in  detail  in  Kcl.  1 aiul  arc  certainly  of  major 
importance  in  OIT  E site  selection.  E'or  Phase  I experimental  larms.  the  tactors  ol  produc- 
tion and  transport  costs  are  not  a consideration.  However,  hecause  these  early  prototype 
larms  will  have  limited  lnid{>els  and  will  he  designed  essentially  to  prove  the  Oi  l E concept, 
it  is  important  that  they  ho  localeil  in  reasonahle  proximity  to  scientific  and  logistic  support. 
Approximately  30  kilometers  maximum  (2-hour  transit)  is  consideretl  an  appropriate  dis- 
tance for  adeipiate  scientific  support  and  study  of  Phase  1 farms.  1 his  distance  will  limit  the 
site  initially  to  a near-shore  (coast  or  island)  location  in  the  vicinity  of  a marine  laboratory 
or  facility.  E'or  large  mooretl  OE'EE'  systems,  the  ileplh  of  the  bottom  is  an  im)iortanl  factor. 
Eor  depths  greater  than  (HO  meters  the  mooring  costs  become  excessive.  This  ilepth  limita- 
tion is  not  highly  significant  lor  Phase  I and  2 farms  because  of  their  small  si/e  (6 10-meter 
water  is  available)  and  relaxed  economic  reciuiremenls.  I'or  Phase  3 anil  the  future,  however, 
it  is  not  likely  that  large  farms  can  economically  be  anchored;  they  will  proliably  be  dynami- 
cally positioned  and  so  will  not  he  geographically  limited  by  bottom  contour. 

Ol  Ed'  should  presently  remain  outside  claimed  territorial  and  economic  /ones  ot 
other  countries  until  mutual  international  agreements  are  made.  Currently  most  South  and 
( entral  .American  countries  and  Mexico  have  claimed  2()()-mile  (322-kilometer)  economic  or 
territorial  /ones,  and  it  now  appears  certain  that  the  U S.  will  do  the  same  by  March  l‘)77. 
E'igure  I gives  the  approximate  322-kilometer  economic  /one  boundaries.  With  economic 
/.one  exclusion  of  the  322  kilometers  around  fiuadalupe  Island,  the  islands  south  of  Baja 
( alifornia.  and  the  f iaiapagos  Islands,  much  of  the  open  ocean  areas  as  well  as  all  the  coastal 
regions  south  of  32°30'.\'  are  removed  from  OE'E  E'  site  availability  at  the  present  time. 
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I’HASl  1 SITE  SELECTION 


SOUTHERN  C ALII  ORNIA  OEEE  SITE  SELECTION 

It  i^  apiKircnl  that  tile  first  rc(iuireiiu.'nt  lor  the  I’haso  I OlT-.E  prototype  is  that  it 
shouki  be  located  m the  nearshore  area  to  allow  adeciiiate  aceess  by  sdentilie  and  support 
personnel.  Secondly,  it  should  be  located  in  an  area  with  mild  oceanottraphic  and  meteoro- 
lojiical  characteristics  and  be  within  the  criteria  delineated  in  1 able  I . I he  region  best  suited 
within  the  guidelines  ol  the  proposed  and  eslablisheil  criteria  is  the  southern  Cahrornia  olT- 
sliore  area  I'rom  l*t.  Conception.  34'’  30'N.  to  the  Mexican  economic  /one.  32’’  30'N.  This 
area  is  presented  in  Eig.  4d,  which  also  shows  submarine  transit  lanes,  shipping  lanes,  the 
322-kilometer  Mexican  economic  /one  boundary  and  the  proposed  locations  ol  selected  Ol  I f 
I’h.ise  I sites  listed  in  priority  order. 

The  southern  Calil'ornia  olt'shore  area  has  been  selected  as  the  optimal  location  lor 
I’hase  1 . and  w ill  more  than  likely  be  selected  lor  I’hase  2 and  early  3 as  well,  lor  the  Ibllow- 
ing  reasons. 

1 . Hie  sites  chosen  are  within  the  U.S.  economic  /.one  which  will  be  increased  to 
200  miles  (322  kilometers)  by  March  l‘)77.  thereby  avoiding  possible  international  conllicl. 

2.  The  region  has  the  most  mild  and  least  severe  extreme  weather  conditions  oT  any 
ollshore  area  within  the  economic  /.one  of  the  continental  I'niteil  States  or  Hawaii.  It  has  a 
ver\’  low  occurrence  of  high-velocit\  winds  and  high  waves.  1 his  is  because  the  region  is 
north  ol  the  tropical  cyclone  /one  and  is  located  on  the  southern  extreme  of  the  extratropi- 
cal  cyclone  region. 

3.  In  this  nearshore  area,  nutrients  ot'adei|uate  concentrations  are  relatively  near  the 
surface  I 1 5-25  /ag-at, liter  N()^  at  100  meters). 

4.  Research  and  support  facilities  are  available  close  to  the  proposeil  sites. 

5.  Hie  region  is  within  the  natural  habitat  /one  of  Macrocysiis  pyrifera.  l empera- 
tiire  and  light  regions  are  excellent  for  Macrocyst  is  growth 

b.  ( urrent  speeds  are  mostly  within  the  ranges  specified  for  optimal  Oi  l f opera- 
tions and  kelp  growth  characteristics. 

SOL  I HERN  C ALIEORNIA  OEESHORE  t HARAUTERISI  U S 

figures  50  through  71  (from  the  Naval  Weather  Service,  Ref.  45)  give  detaileil  ocean-  .1 

ographic  and  meteorologic  data  of  the  southern  ( alilornia  offshore  .irea.  I hese  data,  .ilong 
with  the  criteria  below,  were  used  to  select  specific  sites,  fable  S gives  nutrient  concentra- 
tions lor  various  depths  off  southern  ( alifornia  and  northern  Baja  ('alilornia. 

Winter  ( f ebruary ) and  summer  ( August ) wave  heights  > 2 and  > (i  feel  (>  0.(i  and  j 

I .X  meters)  are  given  in  f igs.  50  and  5 1 , and  > 0 and  > I 2 feet  l>  2.7  and  3.7  meters)  in 
f igs.  52  and  53.  I’ercenI  frequency  of  the  wave  heights  given  increase  to  the  west  showing  a 
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minimal  value  of  20  percent  for  > 2-foot  (0.6-meter)  waves  in  August  nearsliore  ( I'ig.  5 I ) to 
a ma.xinuim  of  70  percent  for  > 2-foot  (0.6-meter)  waves  in  llie  northern  C’iianne]  Islands 
(.^4°N  I.  High  waves  (>  4.7  meters)  occur  rarely  in  August  ( 2.5  percent  at  about  1 2 l°W, 
42°30'N)and  are  slightly  more  common  in  winter  (lugs.  52  and  5.4). 


I able  S.  Nitrate  concentration  versus  depth  off  southern  California  and  northern 

Haja  California. 
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San  Diego  Trough 
Off  Haja  ( ahfornia 
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San  Diego  1 rough 
San  Diego  I rough 
San  Diego  I rough 
Santa  ( atalina  Hasin 
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April  71 
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May  ()5 
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Catalin'  Island  September  75 

Catalina  Island  November  75 

Range  t)f  values  from  300  meters 


unpublished  data 

unpublished  40”N.  I20'’W 

unpublished  40"N.  1 20°W 

unpublished  42"  .40’N.  117°  40'\V 

unpublished  42°  40'N.  117°  40'\V 

unpublished  42°  40'N.  1 17°  40'W 

44°  IX.5'N.  1 1X°  40'\V  iRef.  46) 

Supplied  to  W.  North  for  upwelling  e.xperi- 
ments. 

W.  North.  Personal  Comm 
W.  North.  Personal  Comm. 

ICC  experiment,  (rom  W.  North  (Ref.  I 2) 


1 

f 

I 


1 


Wind  speeds  are  relatively  low  off  southern  ('alilornia.  Speeds  of  t)-l  I m/sec  during 
the  summer  (Fuji.  57)  occur  between  10  and  20  percent  of  the  time  in  the  nearshore  area  and 
up  (o  40  percent  of  the  time  west  of  San  Clemente  Islaiul.  In  winter,  the  lre(|uencies  of  near- 
shore winds  of  ()-IO  m/sec  increase  to  20  percent  while  those  of  olTshore  winds  remain  near- 
ly the  same.  Winds  ol  > IS  m/sec  are  increasingly  frei)uenl  in  winter.  occurrin>!  about  I to 
percent  of  the  time  off  the  Channel  Islands  and  less  than  0.5  percent  in  the  nearshore  areas 
( 1 ig.  54).  Winds  of  < m/sec  occur  about  .^0  percent  of  the  time  in  winter  and  iimmer  in 
the  Channel  Island  areas  and  about  50  to  oO  percent  of  the  time  in  the  nearshore  environ- 
ment t.C^°-.M'’N). 

I'lie  mi.vcd  layer*  depth,  given  in  J'igs.  5S  and  5‘h  are  relatively  shallow  in  the  near- 
shore areas  and  increase  in  a westerly  direction.  During  summer  the  mixeil  depth  is  very 
shallow  (about  (i  meters)  in  the  inshore  areas;  in  winter  this  depth  increases  to  IS  meters  in- 
shore, to  about  24  meters  off  San  Clemente  Island,  and  to  about  (lO  meteis  to  (he  southwest 
(,M)°N.  120“W). 

l igures  (>0  through  71  give  monthly  prevailing  current  direction  aiul  mean  current 
speed.  Currents  south  of  .72°  .70'N  are  generally  south  at  20  to  25  cnCsec.  North  of  this, 
the  currents  are  more  variable  in  speed  and  direction.  Hie  prevailing  nearshore  currents  are 
also  20  to  25  cm/sec.  Currents  in  the  Channel  Island  areas  are  more  variable  in  direction  in- 
cluding some  westerly  and  northerly  currents  varying  between  20  and  ,7()  cm/sec  on  average. 
During  fall  and  early  winter  the  prevailing  currents  change  to  predominately  a north  to 
northwest  direction  (Davidson  Current)  with  speed  averaging  20  to  25  cm'sec.  A high  north- 
westerly current  appro.ximating  50  cm'sec  off  Santa  Catalina  is  obsei'ved  in  Decemlier  ( fig. 

7 1).  In  .lanuary,  near  coastal  currents  are  vari.ible  and  in  the  spring  the  prevailing  direction 
is  south  to  southeast  with  speeds  averaging  from  20  to  .70  cm  'sec.  Other  current  studies  of 
the  southern  California  area  include  CALCOI  I.  Ref.  47;  Scripps  Institute  ol  Oceanography . 
Kef.  4H;  and  the  Oceanographic  Survey  of  the  Santa  Barbara  Channel  Oil  Spill,  Kef.  4‘). 

Specilic  Kliase  I site  selections  in  the  southern  California  area  were  made  using  the 
following  criteria. 

1.  l.ocate  within  the  500-fathom  (0 1 5-meter)  contour  to  make  mooring  costs  as 
ecom^mical  as  possible  ami  still  test  the  deep  water  ON  I'  conccjU. 

2.  Remain  outside  shipping  and  submarine  transit  bines  and  common  pleasure- 
boating  areas. 

.7.  Be  within  .72  kilometers  ( 2-hour  transit ) ol  scientific  and  logistic  support  due  to 
the  frequent  observation  and  measurement  reiiuirements  of  the  Phase  I farms. 


fayrr  in  whu  h wind  ntixinx  ofi  iirs  and  hclow  whiih  ihc  ihvrnun  linc  hcfuns  ihv  mixed  lover  ix  usnullv  at  a very  Unv 
nntrirnt  < oncentration  due  to  phylnplanktonu  utilisation  in  this  zone 
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to 
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I’RioRm/hi)  phase;  i oi  lf  sirt  sfiLFiCtion 


I'hc  sckvtcii  silos  as  sliovvii  in  I'if;.  49  wore  priorili/otl  as  slalotl  holow 

1.  Silo  1 is  luoatoil  ill  tlio  inshore  aa*a  south  orCorona  tlol  Mar  (43°  30'N,  I 17° 
55'VV».  It  was  cliosen  as  llio  first  priority  site  heeaiise  it  is  witliin  X to  16  kilometers  ol  the 
( al  1 eeh  marine  laboratory,  thus  allowing  easy  access  to  the  early  prototype  experiments. 

I he  ilepth  range  is  appro.ximately  100-200  fathoms  ( 1X0-360  meters)  anil  the  site  is  between 
the  pleasure  anil  commercial  routes  from  l.os  Angeles  to  San  Diego  anil  points  south.  In 
aililition.  the  inshore  area  has  somewhat  mililer  conilit  • s than  the  offshore  sites.  Wave 
heights  anil  vvmil  velocities  are  reiluceil  below  those  o offshore  islands  (see  l igs.  5t)-59). 
.Also,  the  thermocline  (bottom  of  the  mixed  layer)  is  lrei,uently  shallower  at  site  I titan  at  2 
and  3,  making  high-nutrient  concentrations  nearer  to  the  surface  d ig.  .34). 

2.  Site  2 is  located  X to  24  kilometers  northwest  of  San  Clemente  Island  (33°  ()3’N. 

I IX°  45'\V  ).  I his  site  was  chosen  because  it  is  close  to  the  Naval  Dnilersea  Center  facility  on 
the  northern  portion  of  San  Clemente  Island.  An  airstrip  and  small  boats  are  available  for 
larm  support.  I bis  site  would  be  an  excellent  location  to  test  the  deep  water  (away  trom 
coastal  intluence)  concept  of  Ol'F-.l'.  In  addition,  this  site  would  jirobably  be  less  molested 
by  private  boats  than  the  other  two  selections.  .A  discussion  of  the  near-surface  nutrient 
regime  is  found  in  Ref.  It). 

3.  Site  3 is  5 to  15  kilometers  northwest  of  Santa  Catalina  Island  (33°  35'\.  I IX° 
35'W).  It  is  within  X to  19  kilometers  ot  the  University  of  Southern  California  marine  labo- 
ratory, shown  in  1 ig.  49,  which  could  lunctioii  as  a sii|iport  facility  for  the  tarm  project. 

Hie  currents  in  this  region  can  be  somewhat  higher  than  in  other  parts  of  the  southern 

( ahfornia  area  m winter  I I'lg.  (>9 ),  .\  few  nutrient  measurements  are  given  in  fable  X.  Site 
3 IS  located  pist  south  of  the  shipping  lane  from  l.os  Angeles  to  Hawaii  and  west  ol  the 
major  pleasure-boat  traffic  to  Avalon  Ray  in  the  southern  portion  of  Santa  Catalina, 
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V.  C'ooralod  by  lo<*l  lamda 


ln’iirc  IVkimK  litiiiit;nc>  n(  w.tvc  j:rc.ili‘i  ili.m  '>  .itui  12  led  l<n  the  Miiilltetii  {'.ilil(imi.i  .iie.i  Ici 
AiiHii'.l  I I liiol  0 I nielei  I ( Keptuilueeil  Imin  \,ivul  N^ealliet  Seiviee,  Kel  4*') 


I ijiiiie  54.  I’crtcnl  Ircquency  ol  wmil  speed  less  than  or  equal  lo  0 and  greater  than  or  equal  to  .M 
knots  lot  tlie  southern  ('ahrornia  area  lor  l ebruary  ( I knot  ' 0.5  m see)  (Reptodueed  lioin  Naval 
Weather  Servtec,  Ref  45) 


K.umcs  00-71 . Prevailing  currcnl  direction  and  mean  current  speed  lor  the  southern  ( ah  oriiia  arra 
Secondarv  currents  are  indicated  with  dashed  lines  and  variable  currents  with  a V Month  v data, 
laiiuarv  througli  December  are  given  (>  knot  -0.5  m sec)  iDala  rep.oduced  Iron,  Naval  Weather 
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ll  IN  ri‘>.omim'iuk-ii  llial  ono  ot  more  ot  llu.-  IMiasc  2 and  I’Ikim."  3 lainiN  be  lucalcd 
in  llic  Ni'nlliern  ( ahlornia  nllslutre  iC|:ion  lioni  ,k)  \ In  .'4  N .nul  Irnin  117  41)  \\  In 
120  ll  dyn.iniKalK  |■>o^lllolK•ll  larins  have  nnl  l^een  enmpleteK  enemeeted  In  (he  liiih 
larile-seale  l >1  I Is  are  readv  In  be  levied,  a number  ol  possible  local  ions  esisi  in  walei  shal- 
low eiuHijrli  lo  allow  bu  mooring  One  possible  rittshore  region  is  llie  /one  liom  < orles  Hank 
al  .’2  ,d)'N,  I I')  \\  noilhwesi  pasi  San  Nicolas  Island  lo  .Sania  Kos.i  Island  at  .'4  \.  120  U 
ll  ig  4'))  I Ills  region  is  called  Ihe  Sania  KosaA  oiles  Kidge  and  is  a relalively  shallow  region. 
11)0  to  500  lalhoms  i ISO  lo  ‘>00  melersi.  24  to  40  kilometers  across  and  coveting  approxi 
maielv  5000  sipiare  kilometers  ( LdNO.IlOO  acres)  Other  [uissible  regions  inchule  Ihe  area 
south  ol  site  I between  commercial  and  pleasure  tratlic  /ones  covering  about  I .'00  sipiare 
kilometers  ol  nearshore  sites  aiul  Ihe  area  northwest  ol  San  ( lemenie  and  ( alahn.i  Islands. 

.V'  H'N  to  44  \ aiull  IN  20’\\toll‘t  20'\\  encompassing  about  2(>00  sipiare  kilometers 

mot  mcliklmg  shipping  lanes ).  these  areas  could  conceivably  support  some  22  I’hase-I  i405 
si|iiare  kilometer)  larms.  all  within  I 20  kilometers  ot  potential  support  and  priKessing  sen 
lers  \s  dy  naniically -positioned  farms  are  engineered  and  built,  and  as  international  agree 
ments  are  made,  the  farms  could  spread  further  west  and  south,  thus  o|'emng  up  mitlions 
ol  sipiare  kilometers  to  potential  Oil  I tanning. 
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SllRVbY  Of  OCEANO(.RAPHIC  AND  METEOROLOGICAL  PARAMETERS 
OE  IMPORTANCE  TO  THE  SITE  SELECTION  OE  AN  OCEAN  EOOD 
AND  ENERGY  FARM  (OFEF)  IN  THE  EASTERN  PACIFIC 
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XPPI  NDIX  A 

SI  ASON  \L  M IKATI  I’KOI  ILI  S FOR  THt  FASTI  KN  PA(  IFIC 
(X  I AN  AKF  AS  AS  DLI  INI  1)  IN  FKiUKI  I 


D.il.i  lor  iiilr.ilo  prolik-s  were  ohi.iiiu'il  Iroin  the  Natioiuil  Oce.mogi .iphic  D.il.i  ( en- 
lei  jiul  Mimm.iri/eil  usins  the  N;iv;il  L'iuk'ise:i  Center  IJNIVAC  lilt)  eompiiter  ,nul  ile\el- 
opeil  sot tv\ .lie 

Nitr.ite  IS  )>i\en  m inKrogi.ims-.itoms  liter  on  .1  log  seiile  .mil  .ire  sliown  to  ;i  ni.iM- 
nuiin  ileplli  ol  5l)(J  meieis 
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APPENDIX  B 


Sc;ist)iuil  tciiipcraluri.'  prolilcs  tor  sur\oy  areas  slu>wn  in  Eigure  1 . reinperaUire  data 
IS  troin  the  National  Oeeanopraphie  Data  Center  aiul  represents  all  liydroeasts  of  record  lor 
the  season  and  area  depicted. 

I einperature  envelopes  give  an  approMination  i)l  ininmuim  anil  niaxiimiin  teinpera- 
liires  at  various  depths  and  the  range  of  depths  at  which  the  thermocline  is  located. 


I igure  B.l  shows  the  geographic  location  ol  survey  areas  l-‘>. 
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APPFNDIX  C 

STAMSTK  XL  SI  MMAKY  OF  PJIYSICAL  OC  FANO(,KAPmt 
DATA  BY  SFASON  AND  AKIA 


I )at.i  Iron)  llio  Nal  lonal  ( )v.'iMnoj’rapliii.'  Da'.a  (on  lot  was  a Italy  /otl  on  I ho  Naval  In 
ilorsoa  ( onlor  I'MVAC'  1110  oomputor  lo  obtain  imiMiiuim.  moan,  minimiiin  aiul  slamlarii 
iloviation  ol  lomitoraUiro  ( ( ).  salinity  (parts  por  thousaiull.  anti  si>:ina-t  (tloiisity  ).  1 ho 
nuinbor  ot  hytlrooasts  analy/otl  isgivon.  Aroas  aro  shown  in  1 iguio  I aiul  11  1 

Data  oan  bo  utih/otl  tor  tutiiro  motlohng  programs  lor  Oi  l I . suoh  as  grtiwth  simula- 
tion. sinking  rato  anti  striiotural  anti  total  larm  Initiyanoy  motiols. 
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APPl  NDIX  I) 

Ml  TIOROLOC.K  AL  DATA  F OR  tASTl  RN  PAC  IFIC  SDRVl-.V  ARF.A 

DiU.i  showing  varunis  tropical  cyclone  stages  ami  wnul  roses  lor  eastern  Pacific  areas 
aie  given 

Data  Iroin  I'.  S.  Naval  Weather  Service  soiirves 

Note  I knot  ^ 0.5  m sec  lot  the  figures  in  this  appendiv 
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i igure  l).<)  WhilI  rows  giving  (xrrccnt  trcqiicncy  ol  s)K*cd  aiid  diiccti4>n  lot  llu'  nortiioasicrn  racitic 
iinrlh  ol  .40°N  lot  July  ( U S Navy  miUiccsI. 


LIGCNO 


»«N0T5 


NuMBCH  or 
OBSCRv«TiONS 


f,  BtAuf  0»T  0-1 


ROSt  scale  (PC  RCtNT  fRfQUENC^, 


OOUHU  CIRCU  'NO'CATCS  »Mfn«CTiCAl  ^INO  RCA! 


WIND  SPEED  Summary  *ali  directions) 
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J).7  Wjfid  roses  giving  percen!  frequency  of  sfx*ed  and  direcfuM)  tor  Ihe  noithc<^!em  Pacitic 
ni»rlli  of  .Ur  tor  Oclober  (U  S Navy  sources). 


Figure  D.8.  Wiml  roses  giving  [vrcent  Irequeiiev  ol  speed  and  diieetioii  lor  the  northeastern  Haeific 
south  ot  30°N  (or  Janiurv.  (I  S.  Nav\  sources) 


Figure  D.  10.  Wind  roses  giving  percent  trequenev  of  speed  and  diiection  lor  tiie  norilieastern  l’.icdic 
South  ol  30°N  lor  July.  (I'.  S.  Navy  courcesi 


l!  (viccmi  !’ei|>uiic>  o;  'pofii  anil  Jiiocii. ai  l,.i  liic  nn[rl!,  a>'  i Pa^ili. 
- S Sa\>  siiiirti;'. I 


Al’I’l  NDIX  I 

DISC  I SSION  ()l  SIOKM  (.IM  K A l M)  ( I RKJM  S 


Sr\i'u  siuims.nul  lum  iciiiu’s  i ,in  ficiuT.iti'  mtoiisc  li.‘ni|’or.irs  oiru'iil  lii'ld-.  in  llu‘ 

Ml  inil\  ol  the  storm  I Ik'  potcnti.il  m.ignilmii'  ol  tlu'M.'  (.  iini-nls  is  ol  loiKcin  to  < >11  I lor 
I’lifriiK'i'f inr;  ili'sifin  .iiul  ovoi.ill  sui’\iv.il''ilil\  ot  the  l.irm  siiucturi.'  iiiui  kolp  t'lmits.  Aiimil 
im.MsuK'mi,'iii s I'l  (.'Lii routs  ilurinj;  si  \ i i o st orms  ,iro  r.iio.  pi  moipnlly  duo  to  t lio  dil  t u ulty  ot 
m.ikinj’  thorn  iiiuloi  oxtiomoly  udvoiso  ooiulitions  No.niy  .ill  litor.ituro  lotoioiioos  on  stoiiii- 
itrivon  I urii-nls  do.il  w ith  llioorotK,il  ooinpiit.ition  ol  oiiironts  .issooiiitod  with  storm  sur^o 
(Rot  >0i  Until  vory  tooontly.  thoso  oompui.dion.il  mothods  oniployod  lii(:lily  simphliod 
oipi.itions  th.it  oould  .It  host  only  pioiluoo  roue’ll  ostim.itos  ot  . uiront  ooiuiitions. 

I ho  losponsi' ot  tho  ooo.m  siii  t.ioo-to-w  ind  stiossos  is  ro.ili/od  in  sovor.d  w.iy  s.  1 ho 
most  .ipp.irimt  u'sponsos.  .iiul  iIk*  most  import. uit  m tormsi>t()l  1 I st riu  tur.ii  riy  n.miiis.  .iro 
sui  t.ioo  vs.ivos  .iiul  hori/ont.il  u.itoi  Inmspoit  I ho  tot. il  I lovo  I lolil  to  w Iik  h .i  struoturo  is 
suh  loot  Oil  dm  iny:  storm-iiuluoovi  poi  lods  ooiisists  ol  w.ivo-. issooi.it  oil  I'.ii  t lolo  volooit  los  plus 
tho  mol  0 slow  K \ .iiy  mt;  ouriont  . omponont  1 w o I'.ipois  win  oh  oonsiilor  tho  otioot  ol  our- 
ron  Is  .mil  w .i\  os  on  moo  rod  sy  slonis,  und  .lu’  .ipplu  .ihh-  lo  I ’ll. iso  1 , 2.  .ind  possibly  o;ii  ly 
I’h.iso  U »|  I I s .iro  Rots  s I .md  x2 

I ho  <mly  .u  I mil  i u rioni  mo.isuromont  ovor  m.ido  dm  in>j  .i  sovoio  oy  oloiiio  si  orm  ol 
luirrii.mo  iiiloiisiu  w.is  i.ikon  liom  NOA  A Hiioy  1 IMU  during  lluirii.mo  1 loiso.  Soi'tombor 
l'>75(Rol,  x.^i  I Ills  hiiirii.ino  roiiohod  Iho  oo.isi  ol  blorul.i  with  1 1 0-kiiot  t s7-m  soil 
winds  .Il  121)0.  2.^  So(domhot  1‘>'’5  1 lio  wind  m.igniUido.  oui  rout  spood..ii'd  w.no  lioighi 

ohronology  .no  gioon  in  I igiiro  I 1 I ho  oyo  ol  iho  hurrio.mo  piissod  wiihin  It)  milos  i l(i 
kilomotorsi  ol  buoy  I R 10  .it  0200.  2.'  Sopiomhor.  .ipproxim.iloly  I ‘iO  milos  ( 240  kilomo- 

loisi  s.nilh  ol  Mississippi  I I’osilion  (;i)  on  big  I .1)  1 ho  nniMimim  mo.isiiiod  w imJ  spood  by 

.iiiii.ili  w.is  ')>  knots  (4‘>  m/soo).  tho  wind  spood  .it  Iho  buoy  vs.is  (iX  knots  id.x  m soo)  .iiid 
ooiiiirod  .It  0100,  1}  Soi'tombor.  pisl  prioi  to  Iho  p;iss;igo  ol  Iho  oyo  W.ivo  rosponso  p.ir.il- 
lols  wind  spood  proiisoly  showing  .i  m.iMiiiiim  hoighi  ol  X X molors  during  Iho  s.imo  hour  .is 
Iho  m.ixiniiim  wind  spood  ( iirroiils  ;il  .''0  molors.  howovoi.  show od  .i  ilol.iy  ol  no.irly  _4 
limits  botwoon  tho  build  up  ol  Iho  wind  .ind  tho  imroiiso  m oiirronl  spood.  \\or.igo  . iiironi 
spood  pr  lot  to  1 1 10  si  orm  piissiigo  w .is  ( ).(i  knot  1 0.  .t  m/soo ) iik  ro.ising  i o I X knot  s 1 1 ) '*  m i 
ovor  .1  I 2- hour  por toil  i .iboul  tho  s.iino  longl h ol  I imo  .is  tho  iiioro.isi'  in  wind  spooil  lo  m.ixi- 
miim  m.igniludol  Shoiily  iilioi  tho  storm,  osiill.ilioiis  I 2(i-  to  27-liom  poriiKls)  m ouiront 
spood  with  doiio.ising  m.igmludo  .mil  dirootion  woro  obsorvod.  thoso  vvoio  doloil.iblo  lor  two 
wooks.iliot  I'.iss.igo  ol  Iho  lumio.iiio.  Although  lliod.ii.i  loi  I igiiro  I I woio  I.ikon  m tho 
(iiill  ol  Mosiio.  Iho  gonor.il  rohilionships  probiibly  .iro  simil.it  lor  oyilonii  storms  in  Iho 
o.isloin  I’.iiilii  Siiil.ioo  I iirronts  woio  not  moiisurod  Irom  1 h 10  .nul  would  bo  ovtromoly 
dilliiiilt  to  moiisiiro  III  .1  storm  duo  to  wiivo  .md  surl.ioo  i lio('  .lolioii 

Siirl.ioo  oiiironts  o.in  bo  moasiirod  mdirootly  by  moasmmg  ship  dull  Ono  suoh 
moasiironioni  w.is  m.nlo  slioiily  allor  tho  p.issago  ol  a typhoon  m tho  tiorlhwosi  I’aoitio.  .\ 
l.ip.inoso  rosoari  II  vossol  showod  an  anlioyolomo  ilrill  paltorn.  4X  hoiiis  allor  Iho  i'.iss.igo  ol  a 


Wave  Height 


higurc  ^ - I . iiul  ami  an  tent  ..peed,  and  wave  heiglit  measuied  lii'Hi  a NO  \ \ huo>  in  llie  t.iull  ol  .Mexien  dunne  H-.i 
hl<M>;e.  Sept..  1‘f.t  PnMlioii  (al  dei'.itee  pavitiij:  oi  the  Iwttieane  eve  ( l^ala  Imm  tlie  Oa;  i iJui'v  Otl'e.-.  NiVAA.  Re* 


l\  I'lu'on , .ipproMiii  .il  in;;  a (>-k  MO  I ( ni  si\' ) m.i  x iiii  iiiii  lI  nl  i(  k fl  4 ) I i loi  I o t 1h’  p.l^s.l{;^.’  • >1 
tiu- 1\  phoon.  ihocurn'Ml  anil  u.i'.  u'KitivcIy  str;iinlil  to  ilu-  nortluvost  .ii  2 to  4 knols(  1 to  ! 5 
m I I Ills  ik-nio.ts(r.i(os  (lie  JmiikiIii  ili.uiyi-  in  both  spi-i'J  i2-4  to  (>  kiu'lsi  and  diivslion 
inoilhw^si  to  noitluMsi  I ilial  can  occur  lor  a sijiniticani  pciiod  ol  liinc  .liter  a luiriicanc. 

besides  liinilcd  sliip  drill  data  and  llie  sin|>le  curieni  measiiicment  m the  < iull  ot 
Mexico  lepoiled  abo\c.  no  other  d.ila  .uivmj:  current  nieasureiuents  m severe  storms  could  be 
loc..'ed.  1 heoiclic.il  piedistions  ol  the  etteci  ol  high  winds  on  currents  do  exist,  howevei 
.ome  o)  the  .o.iil.iMc  liter. iluie  aie  given  in  Kels.  5.“'  to  . \ rcceiit  paper  liy  loiiisl.ill 
gives  .1  detaileil  discussion  ol  the  Ihice-iliiiieiisioiial  structure  ol  storiii-gciiei.iled  cuirenis 
I kcl  (il)  I.  w here  .i  theorelic.il  nioilel  toi  three-vliiiieiisioiial  wind-driven  current  s is  .ilso  pro- 
vided I he  driving  torce  comes  troiii  the  boundarv  condition  ol  wind  she.ir  at  the  surl.ice.  1 he 
movlel  solution  comes  troni  two  ni.iioi  steps  t nsi . a two-dimensional  1 inile  dil  lereiice  scheme 
Is  used  to  solv  e lor  current  I r.iiispoi  I s .nid  storm  surge : second . I he  current  profiles  it  selw  led 
points  are  calculated  Itviiii  convolulion  integrals,  which  may  be  evaluatevi  given  wind  stiess 
,md  se,i  surtave  slope  at  those  points. 

Some  ol  ihe  unporlaiii  conclusions  tollow,  UiiKl-driven  waves  gencialh  produce  the 
doiiini.nil  loK  cs  on  otisliore  siruclines.  however,  since  the  hvilrody  iiamiv  torce  is  pioinn- 
lion.d  to  Ihe  squaie  ol  llic  w.ilei  p.irlicle  velocitv  . a current  ol  .i  lew  leel  per  second  c.ni 
nurease  Ihe  tol.il  force  hv  50  peiseiil  ovei  lh.it  caused  by  waves  .done  iRels  50  and  OU). 

Si'lulioiis  tor  a hut  ric. me  III  the  ( lull  ol  Mexico  were  derived  An  example  sol  ii  I ion  w as 
conducted  using  given  data  liom  lliirm.-me  (.am he  (.August  10(,0).  Surlace  currents  .is  high  as 
1 “v  5 knots  I X III  sec  I w ere  preil  k led , cui  t en  I speeds  ,iT  ttOicj  iLcplJis  were  .is  follow  s X . / 5 
knot  (4  5 m sec)  .it  10  meters.  4 5 knots  (2..'  m/seci  .it  20  meters,  2.  l~TsTn~iPy4  U-Lin_s^i  .it 
40  meters,  and  I knot  (0.5  in  sec)  at  50  meters  A ciirreiil  speed  versus  depth  curve  lioin 
Ihese  il.il.j  are  g)ven  in  I ig  I 2 I hese  velocities  were  predk  led  lor  ,i  st.ituni  ,i  tew  miles 
east  ol  the  hurricane  in  100  meteisol  water,  b.ised  on  a ni.ixiimini  vvnul  velocity  ol  approxi 
m.ilely  1 22  knots  ((>4  in  sec  i .iiui  .i  m.ixiinum  wave  height  ol  22  meters  ( kcl.  (>1  ) I he  el- 
Ic,  I o|  sloping  b.ithy  iiieiry  w.is  strong,  produ.  nig  primarily  longshore  cuirents.  vv  Inch  lor 
dee|'  lA’aler  ()1  l l 's  will  not  lie  a coiisider.ilion;  thus,  open  ocean  suit, ice  ciirrenls  may  be 
somewhat  less  I he  model  demonstrates  th.it  a light  circular  wind  c.ni  spin  the  water  col- 
umn to  velocities  much  highei  ih.in  tliosv  geiier.iled  by  a linear  wind,  .md  lh.it  the  outvv.nd 
How  .it  the  surlace  is  bal.mced  by  an  niw.ird  How  ne.n  Ihe  bottom,  k IH.ick  (personnel 
coiiinumic.ilioii ) has  esi  im.iled  that  I here-  is  an  approximate  101  wind  v elocity  to  sin  lace 
current  speed  i.ilio  in  severe  cyclonic  storms.  I he  predicted  curreni  in  l■olrlsl,lll  s model 
above  (Kel.  60l  .ipproximates  this  esimi.ited  r.itio  ( I 22-knot  winds  to  15.5-knot  surt.ice 
curreni  |. 

Hecause  o(  (he  l.ick  o(  nie.isufed  cl.il.i,  models  such  .is  ihc  one  described  .iliove  will 
have  to  he  used  to  estnn.ite  Ihe  cuiieiil  lield  in  Ihe  event  ol  .i  storm  in  the  vicinity  ol  .m 
( )l  I I A progr.mi  to  ohi.iiii  storm  geiier.iied  current  data  h.is  been  st.nted  by  the  Shell 
Development  ( ompaiiy.  Kel  So,  .uid  asd.ii.i  are  reported  they  should  be  mcoiporated  into 
mil  eiigiiieeiiiig  design  I abli  I I gives.)  list  ol  peisoiinel  wcnknig  m the  wind  genet. ited 
occMii  cuireiil  Held  loi  lutiiie  conl.ict  .is  needed. 
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l iguti  I - Pn.dii. III,!  ..iitrnil  piiilili-  Ml  llic  VKiiut\  '>1 
HunKMiie  ( .mule  with  a maximum  ul  1 2’  ku"l  wiiuK 
(a)  Kalio  III  euiieiil  spee>l  at  given  Je|iili-li»-siiilaee  . iii 
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(rumpiileil  Jala  trum  l•(lIllslall,  Kel.  (lUI. 
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1.  V\ila>\.ll  \ l‘»75 

lIu  O.iMii  1-oikI  .iiid  l,iicig>  I .iiin  I'luicil. 

A p.i|KT  prcscnU'd  lo  the  I4l^l  Aniuial  NU'i-tmgol  iIk-  AiiKiKaii  AsM>cia 
lion  li'i  iho  Ad\ aiKX'MHMit  ol  Sck'iki’  New  'iork.  2'>  Ian  l’>75 

2.  Budhraia.  \ S.  el  al.  |d7P 

S>  steins  AnaKsis  ol  the  Oeeaii  hood  and  I nerg>  I ami  KJl  1 I i Volume  I 

Overall  h.eonomic  Analysis  ol  the  Base  lane  Desjjin. 
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